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Twenty  years  in  the 
planning,  the  Hubble  Space 
Telescope  is  about  to  show 
us  the  Universe  as  it  really 
is,  not  as  we  see  it  through 
Earth’s  murky  atmosphere. 
See  the  article  beginning  on 
page  24.  (Cover  photo:  Space 
Telescope  Science  Institute/ 
AURA;  Inset  art:  Paul  Hudson.} 
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is  no  final  frontier. 


This  nation  Was  explored  and 
. settled  By  people  with  an  insatiable 
curiosity.  It  was  raised  to  world  leadership 
by  people  driven  to  redefine  the  limits  of  the 
possible. 

Now  our  frontier  spirit  is  carrying  us 
into  permanent  earth  orbit  with  the  Space 
Station. 

At  IBM,  we’re  proud  to  be  providing  the 
station’s  critical  Data  Management  System. 
And  were  excited  about  the  many  new  direc- 
tions the  Space  Station  will  take  America. 

The  Space  Station  w ill  allow  us  to  create 


and  understand  defect-free  crystals,  develop 
better  pharmaceuticals  and  advance  our  un- 
derstanding of  aging.  It  will  provide  insights 
into  the  natural  forces  affecting  our  planet. 
.And  it  will  be  the  way  station  where  we’ll 
assemble  and  repair  the  space  vehicles  that 
will  carry  us  to  future  frontiers. 

Turning  back  from  space  exploration 
would  be  turning  back  on  the  benefits  from 
the  future  frontier.  And  the  future  will  surely 
be  upon  us,  w hether  we  are  ready  or  not 


Svstrms  Integration  Division 


On  July  20,  1989,  President  Bush  launched  a new  era  in  space.  The  Human 
Exploration  Initiative  will  return  America  to  the  moon.  And  from  there,  mankind 


It’s  time  to  go 


will  take  another  giant  leap  — to  Mars.  It’s  time  to  continue  the  journey  we  began 
25  years  ago.  It’s  time  to  dream.  Again.  general  dynamics 

Space  Systems  Division 


Letters 


Impractical  or  Crucial? 

Qoncerning  the  Space  Studies  Insti- 
tute proposal  for  a privately  funded 
and  relatively  cheap  Lunar  Prospector 
mission  (“The  Private  Vector,”  Novem- 
ber/December 1989):  It  is  a great  idea, 
but  may  well  be  impractical.  The  Planet- 
ary Society  (in  cooperation  with  the  Space 
Studies  Institute  and  other  groups)  con- 
ducted a study  of  this  idea  a couple  of  years 
ago  and  reluctantly  concluded,  as  Maryni- 
ak  himself  noted,  that  the  scientific  value 
of  anything  that  could  be  done  cheaply 
was  insignificant.  If  you  cannot  prove  that 
water  is  not  reasonably  accessible  in  the 
Moon  with  the  scientific  experiment,  then 
what  is  the  value  of  the  mission?  When  it 
is  all  over  we  would  simply  say,  “We  still 
don’t  know.”  Chances  of  lunar  water  being 
accessible  are  remote,  and  recent  scientific 
studies  have  cast  doubt  on  the  original  idea 
that  water  may  be  trapped  in  the  perma- 
nently shaded  areas  on  or  near  the  surface 
at  the  lunar  poles.  The  old  Apollo  gamma- 
ray  instrument  enabling  what  we  termed 
a “cheap,  quick  mission”  to  be  done  has 
insufficient  sensitivity  for  a meaningful 
experiment. 

I hope  some  creative  ideas  can  be  found 
to  make  the  Lunar  Prospector  idea  useful. 
We  searched  and  found  none.  Until  then,  I 
think  we  should  resist  the  temptation  to 
get  excited  about  its  claims.  The  United 
States,  the  Soviet  Union  and  Japan  are  all 
studying  lunar  orbiters  with  sufficiently 
good  instrumentation  to  provide  first-class 
scientific  results  about  the  possibility  of 
water  on  the  Moon  and  other  geochemical 
data.  Those  are  the  missions  that  will  need 
our  support.  One  hopes  that  an  interna- 
tional effort  for  a rather  modest  govern- 
ment lunar  orbiter  can  be  garnered  in  the 
next  several  years  so  that  this  mission 
could  be  flown  by  1995.  It  is  an  important 
precursor  to  understanding  what  sensible 
role  the  Moon  might  play  in  human  explo- 
ration of  the  Solar  System. 

Louis  Friedman 
Executive  Director , The  Planetary  Society 


Gregg  Maryniak  of  the  Space  Studies  Institute 
responds: 

Friedman’s  comments  miss  a number  of 
critical  points.  First  is  the  characterization 
of  the  mission  as  a single-purpose  flight. 

In  addition  to  the  elemental  and  water 
mapping  capabilities  provided  by  the 
gamma- ray  spectrometer  (which  will  be 
enhanced  to  provide  sensitivities  within 
three  to  four  times  that  of  proposed  future 
technologies),  Lunar  Prospector  will  fly  a 
total  of  five  experiments. 

Although  the  mission  is  modest  in 
scope  compared  with  future  proposed  mis- 
sions, it  is  inappropriate  to  equate  modest 
scale  with  experiment  performance.  In  fact, 
the  principal  investigators  engaged  in  de- 
veloping the  Lunar  Prospector  payload  are 
in  many  cases  developing  payloads  for 
NASA  lunar  and  Mars  missions  as  well. 

Friedman  implies  that  Lunar  Prospector 
might  somehow  interfere  with  eventual 
NASA  Lunar  Observer  missions.  The  op- 
posite appears  to  be  true.  Lunar  Prospector 
can  provide  valuable  data  for  a later  mis- 
sion— for  example,  its  data  on  the  Moon’s 
gravity  field  can  feed  directly  into  mission 
planning  to  extend  the  life  of  the  Lunar 
Observer. 

The  Moon  is  the  stepping  stone  for  the 
exploration  and  settlement  of  the  Solar 
System.  Getting  resource  and  science  in- 
formation about  our  nearest  neighbor  is  a 
crucial  next  step  for  space  development.  As 
such,  we  believe  that  two  opportunities  for 
exploration  are  better  than  one.  The  Space 
Studies  Institute  has  always  strongly  sup- 
ported the  Lunar  Observer,  and  NASA  has 
announced  its  support  for  Lunar  Prospec- 
tor as  well  (the  agency  is  making  an  Apol- 
lo gamma-ray  spectrometer  available  for 
the  mission). 

We  are  pleased  with  NASA’s  support  of 
the  first  private  sector  space  probe  and  we 
hope  that  the  agency’s  positive  response 
will  continue  to  be  echoed  in  the  commu- 
nity at  large. 
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Test  tube  recreation  of 
Earth's  primeval  chemistry 


Arizona's  Meteor  Crater:  one  of 
Earth's  many  asteroid  impact  sites. 


An  (jnnettf  supercontment 
tearing  apart  to  form 
today's  world. 


"...DAZZLING''1  ■'"/..fASCINATING”  "...AWESOMp" 

CHICAGO  TRIBUNE  TV  GUIDE  N.Y.  TIMES 


Take  a spectacular  video  voyage 
from  the  depths  of  Hie  sea  to  the 
farthest  planets... 


Discover. 


PLANET 

EARTH 


Molten  lava  rock  continually 
reshapes  the  Earth's  surface. 


Earth's  rotation  helps  create 
hurricanes , as  spcn  from  space. 


"Nor diem  Lights'  . . . 
Earths  magnetic  field  clashing 
with  the  solar  wind. 


Acclaimed  PBS  Series  now  on  home  video! 
Not  available  in  stores! 


Stunning  photography!  Spectacular  graphics!  Incredible  special  effects! 


■ You  are  invited  on  an  incredible  voyage 
of  discovery.  To  witness  the  "Death  Star" 
that  may  have  destroyed  the  dinosaurs.  To 
fast-forward  in  geological  time  to  see  Cali- 
fornia collide  with  Alaska.  To  ride  the  solar 
wind  at  a mind-boggling  one  million  miles 
per  hour! 

Plunge  into  the  blistering  depths  of  the 
Sun. . .sweep  past  the  forbidding  moons  of 
Jupiter. ..  discover  the  strange,  fascinating 
forces  of  creation  at  work. 

Now,  you  can  thrill  to  the  most  spectacu- 
lar video  epic  ever  made:  the  world 
acclaimed  PBS  production,  Planet  Earth  — 
available  for  the  first  time  on  home  video! 

Astonishing  new  discoveries! 

For  thousands  of  years,  Man  has  wondered 
about  the  powerful  forces  of  Nature  shap- 
ing his  world. . . but  could  only  guess  at  the 
answers.  Now,  in  just  the  past  ten  years, 
quantum  leaps  in  science  have  solved 
many  of  the  Earth's  most  ancient  and  mys- 
terious riddles.  Now  you  can  share  this 
amazing  new  knowledge  in  seven  stunning 
videos,  each  one  a complete  hour-long  epic 
of  incredible  visual  impact.  Planet  Earth 
reveals  the  inner  workings  of  the  Earth, 
emerging  truths  about  its  past  and  startling 
predictions  about  its  future. . . 


You'll  see  bow  climate  changes 
destroyed  great  civilizations.  Watch  Pan- 
gaea, an  ancient  "supercontinent,"  break  up 
and  move  across  the  Earth  to  form  the  con- 
tinents of  today.  Peer  into  live  volcanoes  — 
and  the  Sun's  core.  See  earthquakes  in 
action!  Learn  the  perils  of  global  warming. 
Travel  from  the  ocean  floor  to  distant 
planets  . . .and  beyond. 

Here,  with  spectacular,  Emmy  award- 
winning color  photography  and  brilliant 
special  effects,  is  the  gripping  history  of 
our  planet  — as  it  has  never  been  told 
before! 

No  Risk  Guarantee! 

Convenient  monthly  installments. 

Not  sold  in  stores,  Planet  Earth  is  available 
exclusively  from  Easton  Press  Video,  Each 
set  of  seven  videos  is  only  $195.65*  payable 
in  7 convenient  monthly  installments  of 
just  $27.95*  each  — with  no  finance  charge! 
Your  satisfaction  is  guaranteed:  you  may 
return  your  set  within  15  days  for  a full 
refund.  Discover  Planet  Earth!  Order  Today! 


"Plus  $5  shipping/handlmg  chrirge  per  set. 

CALL  TOLL  FREE:  1-800-367-4534 


PLANET  EARTH 
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The  Observatory 

The  Non-Disposable  Planet 


There's  no  place  like  home. 
By  Thor  Heyerdahl 


While  nobody  today  is  planning 
our  global  future,  there  is  no 
lack  of  prophets.  A genera- 
tion ago  they  were  nearly  all  optimists. 

But  today,  at  the  very  time  when  we 
plunge  into  the  technological  era  with  al- 
most fairy-tale  visions  of  a totally  artifi- 
cial, man-made  world  designed  for  Man 
alone  by  science,  science  itself  begins  to 
understand  the  still  more  incredible  com- 
position of  the  worlds  ecosystem.  Destroy 
it,  and  we  cut  off  the  branch  we  sit  on. 
Mankind  is  at  a crossroad,  and  the 
prophets  are  divided  between  the  opti- 
mists who  hope  that  man  can  soon  move 
up  to  chromed  paradise  platforms  in 
space,  and  pessimists  who  believe  we  will 
all  be  blown  up  there  by  a nuclear  holocaust. 

At  the  moment,  the  dreams  of  a life  in 
space  have  a magic  grip  on  the  world.  We 
all  have,  and  with  good  reason,  a great  ad- 
miration for  the  technological  brainwork 
that  has  made  it  possible  for  courageous 
men  to  depart  from  this  planet,  and  for 
some  even  to  walk  on  the  Moon.  Human 
curiosity  will  keep  us  moving  ahead,  ex- 
ploring space  as  far  as  we  can  reach  from 
our  planet.  Possibly  this  may  bring  us 
some  material  benefit,  and  probably  those 
who  can  afford  to  pay  may  be  entertained 
by  tourist  flights  to  the  Moon  one  day  in 
the  future. 

But  this  legitimate  fascination  with 
space  must  not  lead  us  to  teach  future 
generations  that  our  own  planet  has  less  to 
offer  than  its  uninhabitable  companions 
traveling  around  the  same  Sun.  We  know 
already  that  in  our  Solar  System  there  is 
none  to  equal  planet  Earth,  or  to  replace 
it.  We  must  not  let  our  technological  suc- 
cesses sweep  us  completely  off  the  ground. 


That  seems  to  happen,  however.  We  de- 
vour books  and  films  on  imaginary  space 
travels  to  marvelous  planets.  We  entertain 
ourselves  and  our  children  with  space  car- 
toons of  interplanetary  wars,  and  we 
dream  of  visitors  from  outer  space.  At  the 
same  time,  the  real  astronauts,  American 
as  well  as  Russian,  who  come  back  from 
space  spare  no  superlatives  in  describing 
what  a true  jewel  of  a planet  we  live  on 
here  on  Earth,  compared  to  the  lifeless 
sands  and  molten  lava  to  be  found  else- 
where in  our  Solar  System. 

Thanks  to  communications  from  un- 
manned spacecraft,  we  know  that  other 
planets  within  human  reach  are  obviously 
uninhabitable  for  human  beings.  Never- 
theless, there  is  today  a growing  number 
of  impractical  space  dreamers  telling  the 
youth  and  the  uninformed  that  man’s  fu- 
ture is  above  the  clouds.  They  tell  us  not 
to  worry,  for  if  we  mess  things  up  too 
badly  here  on  Earth,  we  can  always  move  up 
onto  man-made  platforms  in  outer  space. 


But  can  we? 

With  the  exhilarating  speed 
of  technological  progress  since 
the  days  when  Lindbergh  flew 
his  modest  plane  across  the  At- 
lantic, it  will  undoubtedly  be 
possible  one  day  for  wealthy  na- 
tions to  send  up  parts  to  build 
large  platforms  in  space,  mini- 
planets like  the  oil  drilling  rigs 
in  the  oceans,  with  sterile  soil 
and  plastic  flowers.  But  the 
space  immigrants  will  soon 
come  down  and  ask  farmers  on 
the  ground  for  earthworms  and 
bacteria  to  prepare  their  sterile 
soil  for  vegetables.  Water  would 
have  to  be  hoisted  up  from  the  clouds,  for 
rain  is  made  to  fall  down  on  Earth.  When 
the  oxygen  tanks  were  empty,  additional 
platforms  would  have  to  be  built  with 
space  for  trees  and  leaves  to  secure  refills 
for  the  breathing  masks.  In  short,  the  im- 
migrants up  in  their  cramped  quarters 
would  soon  regret  the  money  and  efforts 
wasted  to  be  exiled  in  outer  space. 

Let  us  help  all  those  we  educate  to  face  a 
realistic  future.  Let  us  encourage  them  to 
continue  exploring  wherever  anything  can 
be  explored.  But  let  us  give  them  noble 
ideals  and  feasible  dreams.  We  ought  to 
prepare  those  who  will  take  over  this  plan- 
et tomorrow  for  a healthy  way  of  survival, 
with  both  feet  planted  firmly  on  fertile 
ground.  □ 

Thor  Hey  mid  hi  is  cm  anthropologist,  explorer 
and  author  o/Kon-Tiki  and  The  Ra  Expe- 
ditions. This  excetpt  from  his  speech  upon  re- 
ceiving the  1 986  Charles  A.  Lindb&gh  award 
is  reprinted  by  the  author's  petvnission. 
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mous dictionary  has 
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quotations. 
Hardcover:  $45 
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Hardcover:  $29.95 
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Hardcover:  $15.95 
QPB:  $7.95 
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601.  The  evolution 
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Hardcover:  $29.95 
QPB:  $12.95 
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Hardcover:  S19.95 
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ride  over  a vast 
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Hardcover:  $19.95 
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*447.  A hilarious 
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Hardcover:  $18.95 
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Say  Cheese 

s I ome  of  the  most  memo- 
! I table  photos  from  Voy- 
agers historic  12-year  tour  of 
the  outer  Solar  System  were  die 
patting  shots  taken  by  the 
spacecraft  as  they  left  each 
planet  behind.  Now,  as  the 
Voyagers  head  out  of  die  Solar 
System,  they’ll  snap  one  last 
bac k ward -g  la  nee  p ict  are — a 
group  portrait  of  all  the  worlds 
diey  passed  on  their  way  out. 

The  idea  to  have  Voyager 
take  a ‘family  portrait"  of  die 
Solar  System  first  surfaced  in 
the  early  1 980s,  and  has  been 
championed  in  recent  years 
by  Carl  Sagan.  Voyager  is  the 
first  camera-equipped  space- 
craft able  to  'stand  back"  and 
view  all  die  known  planets 
from  a distance. 

The  family  portrait  is  a 
milestone,"  says  Rex  Ride- 
noure, a mission  planner  for 
Voyager  at  NASA's  Jet 
Propulsion  Laboratory.  “It 
will  be  the  first  time  its  been 
done  and  the  last  time  it  can 
be  done  first." 

The  family  portrait  will  be 
compiled  from  a dozen  or  two 


individual  frames  taken  by 
Voyager  1,  which  saw  its  last 
planetary  action  at  Saturn  in 
1 980  (Voyager  2 is  unable  to 
move  its  cameras  in  the  re- 
quired way  to  make  the  photo, 
Ridenoure  says).  Not  all  the 
planets  will  be  visible,  and 
those  that  are  will  appear  as 
tiny  crescents.  Pluto  won’t  be 
seen  because  its  too  small  and 
dark,  and  Mercury’s  closeness 
to  the  Sun  will  keep  it  out  of 
the  lineup.  The  dark  hemi- 

Voyager  1 snapped  this 

photo  of  the  Earth  and 
Moon  in  1077, 


sphere  of  Mars  may  also  keep 
that  small  planet  from 
showing  up. 

The  family  portrait  session  is 
scheduled  for  Valentine’s  Day, 
February  14,  but  a little  more 
than  a month  will  pass  before 
the  results  are  in  hand.  The 
images  will  be  stored  on  Voy- 
ager's tape  recorder  and  trans- 
mitted back  to  Earth,  a little 
bit  each  day,  from  March  16  to 
March  24.  “We  won’t  have 
anything  until  the  end  of 
March,”  says  Ridenoure, 

The  family  portrait  will  be 
the  last  picture  show  from 
Voyager  l . Once  the  session  is 


over,  the  spacecraft  s cameras 
will  be  turned  off  as  it  contin- 
ues into  interstellar  space. 

Are  the  dim,  distant  photos 
even  worth  taking?  “I  first 
heard  the  three  schools  of 
thought  regarding  the  'family 
portrait'  from  a co- worker," 
says  Ridenoure.  "It  will  please 
those  who  think  its  a waste  of 
time,  since  the  planets  wifi  be 
difficult  to  see.  It  will  please 
those  who  think  it  will  have  a 
philosophical  effect.  It  even 
will  please  people  who  don’t 
care  one  way  or  another. 

"Either  way,"  Ridenoure 
says,  "It  will  be  die  most  satis- 
fying picture  Voyager  has 
taken,  since  it  will  please 
everyone. '—Joseph  Bamth  Alien 

Monkey  See, 
Monkey  Do 

ASA  has  flown  monkeys 
in  space  before,  both  as 
“stand-ins’*  for  astronauts  (re- 
member Ham,  the  chim- 
panzee?) and  as  experimental 
subjects  (most  recently,  on  the 
Spacelab  3 mission  in  1985), 
But  the  most  those  animals 
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did — if  they  were  required  to 
do  any  tasks  on  their  voyages 
at  all — was  push  buttons. 
That’s  because  researchers 
thought  primates,  and  rhesus 
monkeys  in  particular,  could 
learn  a task  only  if  it  required 

Video-adept 
monkey:  testing 
the  mental  effects  of 

spaceflight 

them  to  use  their  hands  direct- 
ly. While  the  monkeys  could 
learn  to  push  buttons  to  solve  a 
problem,  so  scientists  believed, 
they  couldn’t  learn  the  more 
abstract  task  of  moving  a joy- 
stick to  control  a cursor  on  a 
video  screen. 

Recent  research  at  Georgia 
State  University  indicates  oth- 
erwise, however.  In  an  experi- 
ment funded  primarily  by 
NASA,  two  rhesus  monkeys 
were  taught  to  control  a joy- 
stick to  respond  to  computer- 
generated  targets  on  a video 
monitor.  The  cursor’s  move- 
ments were  accompanied  by  a 
sound  to  help  attract  the  mon- 
keys’ attention.  The  researchers 
noted  that  the  monkeys  didn’t 
look  at  their  hands  as  they 
moved  the  joystick;  they 
watched  the  screen.  In  fact,  one 
of  the  monkeys  became  so 
good  at  the  "game” — which 
involved  moving  a white  ball 
to  the  borders  of  a dark  screen 
to  get  a food  reward — that 
when  a broken  joystick  began 
moving  the  cursor  in  the  oppo- 
site direction  from  normal,  his 
performance  hardly  suffered. 

"It’s  been  established  in  the 
literature  for  about  30  years 
that  rhesus  monkeys’  learning 
is  very  dependent  on  hand  con- 
tact with  relevant  stimuli," 
says  Duane  M.  Rumbaugh, 
director  of  the  university’s  Lan- 
guage Research  Center  and  one 
of  the  study’s  authors.  "That’s 
not  true.  Its  a matter  of  atten- 
tion. If  their  attention  can  be 


directed  toward  the  relevant 
cues,  they  learn  just  fine.” 

The  breakthrough  is  signifi- 
cant for  NASA  because  it 
means  rhesus  monkeys  can 
now  be  used  for  psychological 
as  well  as  physiological  testing 
in  space.  Video  tasks  can  be 
used  to  study  the  effects  of 
spaceflight  on  a monkey  s 


Back  To  Basics 

lanners  and  dreamers 
often  describe  a future  in 
which  humans  live  happily 
ever  after  on  the  Moon  and 
Mars  in  fancy  metal  cans.  But 
who  wants  high-tech  trailer 
parks  on  the  Moon?  Award  - 
winning  California  architect 
Nader  Khali li  has  a better  idea. 

Khalil i has  spent  years 
building  low-cost  housing  on 
Earth  using  rocks,  soil  and  heat 
sources.  The  result  has  been 
new  housing  for  the  poor,  a 
commendation  from  the 
United  Nations  and,  perhaps. 


learning,  eye/hand  coordina- 
tion, memory,  reaction  time 
and  vigilance.  Rumbaugh,  who 
is  also  a regents’  professor  of 
psychology  at  Georgia  State 
University,  is  now  developing  a 
battery  of  20  such  tests  to  be 
tried  for  the  first  time  on  a 
1993  shuttle/Spacelab  flight. 

The  video  tasks  also  have 
one  other  benefit — they  help 
to  keep  the  monkeys  stimula- 
ted during  a long  spaceflight, 
instead  of,  as  Rumbaugh  says, 
"bored  to  tears.”  — Deiera  Pine 


Add  heat,  and 
lunar  magma  becomes 
lunar  architecture. 

a method  for  building 
lunar  homes. 

Khalil  is  plan  for  Moon 
housing,  like  his  Earth-bound 
dwellings,  is  derived  from 
technology  developed  4,000 
years  ago.  The  construction 
materials  are  already  on  the 
lunar  surface — Moon  dust  and 
rocks.  Add  a source  of  heat, 
such  as  microwaves  or  focused 


solar  rays,  and  the  resulting 
magma  can  be  cast  or  tun- 
nelled to  create  soaring  domes 
and  arches.  Khali  li  even  pro- 
poses using  a giant  "potter’s 
wheel”  to  create  graceful 
ceramic  forms  in  the  Moons 
one-sixth  gravity. 

“Sometimes  I get  so  excited 
thinking  about  it,  I can’t 
sleep,"  he  chuckles. 

By  using  such  innovative 
techniques  on  the  Moon,  says 
Khalili,  the  design  of  a lunar 
base  would  be  limited  "only  by 
the  human  imagination.”  As  a 
bonus,  the  building  process 
would  create  textures  and  hues 
that  would  be  unearthly,  but 
pleasing  to  behold.  "All  the 
colors  of  the  rainbow  are  hid- 
den in  the  gray  Moon  dust,” 
muses  Khalili. 

Both  NASA  and  the  Inter- 
national Space  University  are 
interested  in  Khalili  s ideas  for 
lunar  housing,  but  he’s  practi- 
cal enough  to  predict  that  they 
won’t  be  used  for  the  first 
Moon  settlement.  And  while 
he  realizes  that  the  commercial 
potential  of  his  vision  is  proba- 
bly limited,  the  bottom  line 
isn’t  his  driving  force: 

"It  is  good  to  remember,” 
says  Khalili,  "that  what  we  may 
ultimately  reach  in  space.. .may 
be  the  space  within.” 

— Maty  O'Neill 


Planeten- 

teleskop 


ith  the  Galileo  and 
HhAJi  Magellan  spacecraft 
speeding  toward  their  respec- 
tive encounters  with  Jupiter 
and  Venus,  and  with  still  more 
projects  on  the  drawing  board, 
planetary  exploration  is  back  in 
full  swing  in  the  1990s.  One  of 
the  most  productive  of  all  the 
planned  projects,  according  to 
Michael  Belton  of  the  Kitt 
Peak  Observatories  in  Arizona, 
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could  be  a comparatively 
small  and  unheralded  Euro- 
pean-A  men  can  instrument 
called  "Flanetenteleskop," 
known  more  formally  as  the 
Orbiting  Planetary  Telescope 
(OPT).  Unlike  the  other 
"missions,"  however,  OPT 
would  never  leave  Earth  orbit. 

The  Hubble  Space  Telescope 
(HST)  will  provide  us  with  a 
powerful  new  view  of  the  uni- 
verse, but  Its  designed  pri- 
marily for  looking  at  faint 
and  distant  astrophysical  ob- 
jects, and  will  be  used  sparing- 
ly for  exploring  our  own 
planetary  neighborhood.  The 
Planecenteleskop,  which  was 
conceived  as  a West  German 
project  in  1986,  would  be 
designed  specifically  for  Solar 
System  study. 

Planned  for  launch  into  high 
Earth  orbit  by  a Delta  2 rocket 
in  1998,  the  modest,  one- 
meter  aperture  of  Planeten- 
releskop  would  be  less  than 
half  the  size  of  Hubble.  But  it 
could  collect  images,  infrared 
and  ultraviolet  spectrographs 
all  at  once — -a  handy  trick  that 
HST  cannot  perform.  Taking 
pictures  at  the  rate  of  one  a 
minute,  it  could  investigate, 
among  other  things,  how  the 
surface  and  atmosphere  of  Mars 
interact,  how  the  volcanoes  and 
atmosphere  of  lo  affect  the 
environment  of  Jupiter  and 
what  makes  comets  tick. 

With  an  overall  price  tag  of 
$400  million,  Planetenteleskop 
is  now  a cooperative  project 
involving  the  Euroj^ean  Space 
Agency,  NASA  and  West 
Germany.  NASA  would  handle 
the  launch  and  the  spectrome- 
ter packaging,  with  a $100 


million  share  of  the  cost— less 
than  the  price  of  a single  space 
shuttle  mission. 

Spinning  high  above  the 
Earth  in  an  elliptical  geosyn- 
chronous orbit,  OPT  could  ac- 
commodate as  many  as  500 
scientists  in  the  United  States 
alone  with  up  to  12  hours 
continuous  observing  time. 
NASA,  says  Belton,  could 
coordinate  observations  with 
comet  or  asteroid  flyby  mis- 
sions— or  even  human  mis- 
sions co  Mars  or  die  Moon. 
While  these  probes  or  astro- 


nauts would  be  sent  to  study 
die  "trees/'  OPT,  with  its  re- 
mote observation  capabilities, 
could  keep  a watchful  eye  on 
the  whole  forest. 

- — Ray  Spa ngmburgi D ia m Aioser 

Lawyers  Aloft 

nf,  as  the  saying  goes, 

written  laws  are  like  spi- 
ders’ webs,  the  complexities 
facing  the  European  Parlia- 
ment as  it  moves  toward  the 
creation  of  a single,  united  Eu- 


rope i n 1 992  form  a tangled 
web  indeed.  Among  the  vol- 
umes of  regulations  and  stan- 
dards still  to  be  addressed — on 
subjects  ranging  from  currency 
to  passports — are  several  issues 
relating  to  space. 

Enter  the  European  Center 
for  Space  Law  (ECSL),  which 
grew  out  of  a recognized  need 
co  set  a legal  framework  for 
Europe’s  rapidly  advancing 
space  technology  Founded  last 
spring  under  the  aegis  of  the 
European  Space  Agency  (ESA), 
the  ECSL  intends  "to  fill  the 
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large  gaps  thar  exist”  in  coordi- 
nating Europe’s  space  laws,  ac- 
cording to  Gabriel  Lafferran- 
derie,  an  ESA  legal  adviser. 

One  particularly  complex 
area  involves  the  regulation  of 
data  from  telecommunications 
satellites,  whose  signals  cross 
national  boundaries.  The  Cen- 
ter is  also  concerned  with  intel- 
lectual property  rights  in  space 
and  the  use  of  remote  sensing 
information.  At  a recent  inter- 
national colloquium,  space 
lawyers  identified  still  more 
problems  to  be  worked  out:  li- 
ability questions  in  the  event  of 
damage  caused  to  or  by  a space 
station;  management  of  the  in- 
ternational Freedom  station; 
and  the  legal  status  of  astro- 
nauts working  in  orbit. 

To  help  sort  through  this 
tangle,  a specialized  space  law 
database  known  as  ESALEX 
has  been  created  to  connect 
users  to  a single  Europe-wide 
system.  Designed  to  help  even 
non-technical  users  like  stu- 
dents and  administrators,  the 
database  is  “Europe’s  power- 
house of  ideas  on  space  law," 
said  Kevin  Madders  of  ESA’s 
legal  department,  who  man- 
ages the  ESALEX  system. 

The  database  includes  every- 
thing from  international  space 
law  texts  to  national  laws  and 
regulations  relating  to  space 
activities,  case  laws  and  reports, 
legal  opinions,  acts  and  pro- 
ceedings of  European  organiza- 
tions, and  the  complete  collec- 
tion of  ESA  laws.  Access  to  the 
network  is  free  to  all  ECSL 
members,  with  the  telephone 
linkup  as  the  only  charge. 

Speaking  of  the  need  to  ad- 
dress legal  issues  as  Europe 
moves  into  space,  ESA  Direc- 
tor General  Reimar  Lust  re- 
cently said,  “We  are  now  in  an 
era  when  matters  of  law  have  a 
significance  to  policy  makers, 
investors,  industrialists  and 
space  agencies  alike.” 

— CS.  Lamlwrt 


Moonbase  #1 

□ f you  want  to  build  a 

Moonbase  on  Earth,  look 
to  Japan  for  help.  That’s  what 
the  Astronauts  Memorial 
Foundation  of  Orlando,  Flori- 
da, did  when  they  decided  to 
construct  a privately  funded 
"Moonbase  #1"  on  the  "Space 
Coast"  near  Cape  Canaveral. 

In  recent  years  giant 
Japanese  construction  compa- 
nies such  as  the  Ohbayashi  and 
Shimizu  corporations  have 
been  working  on  designs  for  a 
21st  century  lunar  base.  As  a 
preliminary'  step,  Ohbayashi 
had  planned  to  set  up  a simu- 
lated Moonbase  in  Japan.  Now 
it  will  join  in  the  Florida  pro- 
ject instead. 

Ohbayashi  won’t  actually 
build  Moonbase  # I — founda- 
tion officials  are  negotiating 
with  other  U.S.  partners  to 
build  the  facility  on  some  200 
to  350  acres,  at  a site  yet  to  be 
determined.  But  the  Japanese 
company  will  contribute  exper- 
tise in  such  areas  as  closed  loop 
life  support  systems,  an  essen- 
tial element  of  any  permanent 
lunar  base.  Ohbayashi  also  will 
help  finance  the  SI 00  million 
facility,  which  will  be  a center 
for  lunar  research  and  educa- 
tion, according  to  Foundation 
vice  president  Chris  Shove. 

The  Astronauts  Memorial 
Foundation  sees  the  facility  as  a 
place  to  demonstrate  such  key 
technologies  as  robotics,  life- 
support  systems,  power  sup- 
plies, construction  methods, 
Moonrovers  and  mining  equip- 
ment before  a real  lunar  base  is 
built.  The  facility  could  also 
serve  as  a tourist  attraction, 
which  might  be  the  best  way 
for  the  Foundation  to  pay  back 
investors.  Shove  hopes  the  er- 
satz Moonbase  will  be  com- 
pleted by  1992,  in  time  for 
the  International  Space  Year. 

— Melinda  Gipson 


CHALLENGER 


The  Only  Officially  Prepared  Commemorative  Actually 
Flown  in  Space  Aboard  the  Space  Shuttle  Challenger. 

MAIL  FROM  SPACE 

The  Official  Challenger  Flight  Cover  (envelope)  flown  in  space  aboard  Challenger  in 
August  1983  (Mission  STS-8)  is  franked  with  the  $9.35  Eagle  & Moon  stamp.  A beautiful 
full-color  commemorative  cachet  depicts  Challenger  as  it  appeared  on  the  mission 
patch— blasting  into  orbit.  Each  cover  bears  three  postmarks— two  from  the  liftoff 
site,  Kennedy  Space  Center,  August  14,  1983  (the  intended  launch  date),  August  30, 
1983  (the  actual  launch  date),  and  one  from  Edwards  Air  Force  Base,  the  landing  site, 
September  5, 1983  (the  landing  date).  A commemorative  postmark  contains  the  NASA 
25th  Anniversary  logo  and  phrase ' Space  Mail— Orbited  Via  STS-8".  These  covers  were 
specially  prepared  by  the  U.S.  Postal  Service  in  cooperation  with  NASA— when 
originally  offered,  they  sold  out  immediately. 

AMERICA  REACHES  FOR  THE  STARS 

The  remarkable  Challenger  cover  is  historically  very  significant.  The  few  covers 
carried  by  astronauts  in  their  personal  pouches  on  Apollo  flights  now  command  prices 
up  to  $25,000 — these  privately  carried  covers  were  not  officially  available  to  the  public. 

Challenger  covers  are  the  first  and  only  tangible  items  actually  carried  in 
space  which  were  officially  available  to  the  public. 

HISTORIC  AVA1TION  COVERS  CONTINUE  TO  INCREASE  IN  VALUE. 

★ Covers  carried  by  Charles  Lindbergh  on  his  Atlantic  Solo  Flight  are  valued  at  over 
$25,000  each. 

★ Covers  carried  by  astronauts  aboard  Apollo  moon  flights  now  sell  for  as  much  as 
$25,000. 

SUPERBLY  PRESENTED 

Your  Challenger  cover  is  handsomely 
framed  in  acid  neutral  archival  matting, 
beautifully  accented  in  red,  white  and 
blue — ready  to  display  proudly  in  your 
home  or  office.  This  distinctive  display  is 
completed  by  an  engraved  brass  name- 
plate inscribed  "Flown  Aboard  Space 
Shuttle  Challenger."  Only  the  very  finest 
materials  and  craftsmanship  were  used  in  creating  this  magnificant  display  and  the 
result  is  simply  outstanding — guaranteed  to  please.  Documentation  accompanies  each 
cover.  This  is  the  truly  ultimate  space  collectible!  Price— $175. 

WHY  YOU  MUST  ACT  IMMEDIATELY 

Due  to  the  extremely  limited  number  of  Challenger  Covers  acquired  this  year  (about 
125),  orders  will  be  accepted  strictly  on  a first-come,  first-served  basis.  If  you 
have  an  instinct  for  the  exceptional,  your  Challenger  Cover  will  be  an  exciting 
acquisition  and  important  piece  of  Avaition  History  that  you  will  treasure  and  want  to 
pass  down  from  generation  to  generation. 

Don’t  miss  this  exciting  opportunity. . . 

CALL  TOLL  FREE  1-800-937-1133 

Or  send  $175.  (plus  $4.50  shipping)  to: 

SANABR1A,  P.O.  BOX  402,  LOVELAND,  CO  80539. 

Include  check/credit  card  number  with  order  (full  card  no.  & exp.  date). 

The  First  Name  in  Airmail— Since  1929” 


Send  $2  to  receive  information  on  other  Aviation  collectibles. 


Earthly  Pursuits 

Quake  Watch 


New  satellites  are  helping  scientists  keep  an  eye  on  the  restless  Earth. 
By  Hal  Smith 


When  space  shuttle  Columbia 
returned  to  California’s  Ed- 
wards Air  Force  Base  at  the 
end  of  a successful  five-day  mission  last 
August  13,  it  caused  more  than  flags  to 
wave.  As  the  shuttle  swept  overhead  at 
more  than  twice  the  speed  of  sound,  its 
trademark  double  sonic  booms  set  off 
sensitive  seismic  detectors  in  the  nearby 
Los  Angeles  basin,  leading  to  speculation 
that  an  earthquake  might  cause  tall  build- 
ings in  the  city’s  downtown  area  to  sway 
more  than  previously  expected. 

Normally  the  connection  between  seis- 
mology and  spacecraft  is  not  quite  so  di- 
rect. But  more  and  more,  researchers  are 
using  space  data  to  help  improve  their 
ability  to  understand — and  eventually 
predict — major  quakes. 

Over  the  last  five  years,  the  Global  Po- 
sitioning System  (GPS),  a growing  net- 


work of  satellites  intended  primarily  for 
military  navigation,  has  improved  by  an 
order  of  magnitude  the  precision  with 
which  geodesists — scientists  concerned 
with  the  size  and  shape  of  the  planet — can 
measure  the  exact  location  of  any  point  on 
Earth.  By  triangulation,  the  scientists  cal- 
culate the  distance  between  two  or  more 
receivers  based  on  the  difference  in  arrival 
time  of  the  satellite  signals.  With  bench- 
marks, geodesists  can  then  track  the  rela- 
tive motion  of  any  two  receivers. 

Beyond  its  incredible  precision  (accu- 
rate to  within  a centimeter  over  hundreds 
of  kilometers),  GPS  has  lowered  the  cost 
of  collecting  this  kind  of  data  significant- 
ly. Until  now,  more  precise  (but  more  ex- 
pensive) measurements  were  available 
using  VLBI — Very  Long  Baseline  Inter- 
ferometry— which  observes  distant 
radio  sources,  usually  quasars,  simultane- 


ously with  two  or  more  radio  telescopes. 

Whereas  VLBI  requires  either  stationary 
telescopes  or  portable  equipment  that 
needs  to  be  hauled  around  by  tractor  trail- 
er, GPS  uses  $20,000  receivers  that  can  be 
put  into  a backpack,  set  up  on  a surveyor’s 
tripod  and  operated  from  batteries.  Some 
geodesists  are  even  looking  to  the  day 
when  miniaturized  receivers  can  be  worn 
like  wristwatches.  Even  now,  yachtsmen 
can  buy  coarser,  navigational  GPS  re- 
ceivers no  bigger  than  a lunch  box  for 
about  $6,000. 

Another  method  of  geodetic  measure- 
ment, called  satellite  laser  ranging, 
bounces  light  pulses  off  small  reflecting 
satellites  like  NASA’s  Lageos,  which  has 
been  in  orbit  since  1976.  Because  it  re- 
quires precise  clocks,  advanced  laser  sys- 
tems and  ultra-sensitive  optical  detectors, 
this  method  is  inherently  more  expensive 
than  geodetic  measurement  using  GPS. 

NASA,  however,  has  a scheme  to  im- 
prove the  cost-effectiveness  of  satellite  laser 
ranging  by  putting  the  most  expensive  el- 
ements of  the  system  in  space,  onboard  the 
Earth  Observing  System  (EOS)  platform 
planned  for  launch  in  1996.  Instead  of 
beaming  light  up  to  satellites,  the  Geody- 
namic Laser  Ranging  System  (GLRS) 
would  send  light  down  from  the  orbiting 
platform  to  relatively  inexpensive,  widely 
distributed  reflectors  on  Earth. 

“GLRS  is  likely  to  be  a much  more  so- 
phisticated instrument  than  anything  on 
the  ground,  resolving  vast  distances  with 
millimeter  precision,”  says  Roger  Bilham, 
a geophysicist  at  the  University  of  Col- 
orado. This  would  be  a major  step  for- 
ward, provided  NASA  can  deliver  as 
promised,  he  says.  Even  though  the  sys- 


San  Francisco,  October  1989:  Satellite 
data  may  give  us  warning  next  time. 
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tern  would  be  cost-effective  compared  to 
current  SLR  systems,  the  reflecting  mir- 
rors won  t be  a trivial  expense*  and  pro- 
tecting them  from  vandals  or  severe 
weather  may  restrict  their  distribution 
more  than  NASA  reckons,  Bilham  says. 

Nevertheless,  he  is  optimistic  that  ad- 
vances in  space  geodesy  can  help  make 
earthquake  predictions  more  credible.  The 
big  question*  Bilham  says,  is  whether  the 
instability  that  precedes  a quake  develops 
in  zones  as  wide  as  the  human  hand,  as 
some  physicists  believe,  or  in  zones  tens  or 
hundreds  of  kilometers  wide,  as  several 
Soviet  theorists  have  argued.  If  the  latter 
are  right,  space  geodesy  may  play  a major 
role  in  improving  our  predictions. 

Precise  measurements  of  the  crustal 
movements  that  cause  earthquakes  are 
adding  a new  dimension  to  100  years  of 
fragmentary  research.  Even  so,  considering 
chat  some  quake  cycles  may  be  300  years 
long,  and  that  most  develop  miles  beneath 
the  surface,  it's  a daunting  task. 

Yet  a relatively  small  investment  could 
quickly  advance  space  geodesy.  Although 
the  Department  of  Defense  owns  most  of 
the  American  inventory  of  GPS  receivers, 
the  falling  price  of  the  units  is  making  it 
easier  for  universities  to  purchase  them* 
Bilham  says.  Some  are  even  beginning  to 
show  up  among  surveyors.  Meanwhile, 
1990  marks  the  beginning  of  the  Decade 
of  Natural  Disaster  Reduction  and,  seis- 
mologists hope,  a new  international  will- 
ingness to  exchange  data. 

Perhaps  nothing  better  indicates  how 
far  space  geodesy  has  come  than  plans  for 
an  expedition  barely  imaginable  a few 
years  ago:  An  Army  team  plans  to  climb 
Everest  with  a GPS  receiver  next  year, 
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Capture.  ‘The  history 
Of  Space  flight'* 

Official  astronaut  crew  insignias  and 
NASA  program  designs  are  vividly 
captured  in  handcrafted  Cloisonne 
enamel  pins , Our  solid  oak,  easy-open, 
custom  frame  allows  you  to  display  and  wear 
your  favorites.  Supplied  by  Winco  to  major  aero- 
space companies  and  NASA , each  set  beautifully 
portrays  an  era  of  America  rs  space  history , 

Join  Winco's  Air  & Space  Collectors  Club! 
$6.00  membership  includes:  2 year,  10%  discount 
card  for  sets  ordered  now  and  all  Items 
later;  select  2 of  3 collectables  shown 
at  right  ($10+  retail!  Apollo  11  key 
chain,  NASA  Vector  pin,  Shuttle 
program  tie  tac/ chain],  and  our 
line  catalog  with  future  updates. 

FRAMED  SETS:  Dimensions 
on  A,  B,  CP  D are  15V  * 12%", 

E & F are  972*11%".  (A)  SPACE 
SHUTTLE  #1.  (28  pins  to  STS- 
26)  $89.00:  (B)  APOLLO/SKY- 
LAB/APOLLO  SOYUZ  (20 
program  pins)  $77.00;  (C) 

MERCURY/GEMINI  [19  program  Pmaf  - — 
$76.00;  (D)  POSTAL  SPACE  STAMP  (25  stamp 
pins  to  2 V,  1948-1989)  $89,00;  (E)  SPACE  SHUT- 
TLE UPDATE  (STS -27  to  STS-34  + 2 special  pins,  7 
total,  add  next  10  missions)  $43.00;  <F)  APOLLO  11 
COMMEMORATIVE  [large  Apollo  11  pin  produced 
from  official  1969  medallion + 6 more  greats!)  $45.00, 
TO  ORDER:  Send  payment  to  Winco  interna- 
tional 9019-E  Oso  Ave,,  Chatsworth,  CA  91311 . Add 
$2.50  per  set  P&H.  Money  back  if  not  delighted - 
GUARANTEED!  Calif,  add  6 Wo  tax,  2-6  week 
delivery.  Catalog  and  updates  only,  send  $2,00, 

Corporate  programs  and  dealer  opportunities  available, 
Winco  intBrnalional  is  a ngn-exdusive  licensee  of  the  U.S,  Postal  Service 


Proxima  Centauh-the  nearest  star edition  of  950 by  David  A.  Hardy 


This  is  not  science  fiction 

ft's  more!  NOVAGRAPHICSh  space  art  is  a revolutionary  fusion  of  fine  art 
and  current  scientific  data,  blended  to  create  dazzling  scenes  of  other  worlds. 
Our  all-star  team  of  artists  are  expert  in  their  subject  matter  and  their  media: 
planetary  landscapist  Kitn  Poor , artist/astronaut  Alan  Bean,  British 
master  David  Hardy,  Emmy  award-winner  Jon  Lomberg  and  over  a 
dozen  other  top  space  artists  contribute  to  our  unique  selection  of  collector's 
editions,  posters,  and  cards,  conveniently  available  by  mail. 

Quick  shipping  * toll-free  credit- card  orderline  * framing  available  • guaranteed 

Send  S I for  our  beautiful  color  catalog 

N$MAGRAPH /CST  ro  box  3/197.0 

7 SPACE  ART  GALLERY  Tucson.  AZ  85740-7197 


Backyard  Universe 

Amateur  Hour 


A few  lucky  statgaz&s  mil  soon  get  to  use  the  Porsche  of  astronomy. 
By  Blaine  P.  Friedlander,  Jr. 


fter  raising  cwo  kids  and  work- 
ing  five  years  in  the  personnel 
department  of  an  accounting 
firm,  Seattle  housewife  Ana  Larson  wasn't 
about  to  tarn  her  one  life  to  live  into  a 
marathon  of  soap  opera- watch  ing.  Instead, 
Larson  will  hunt  massive  proto-planets 
using  the  most  sophisticated  instrument 
in  the  history  of  astronomy.  At  the  same 
time,  she  is  earning  a double  bachelor's 
degree  in  Physics  and  Astronomy  from 
the  University  of  Washington. 

I took  a physics  course  so  I could  teach 
science,”  Larson  explains.  "1  wanted  to  go 
back  into  teaching,  and  I discovered  that  I 
really  like  physics." 

Three  years  ago,  while  working  on  her 
degrees,  she  responded  to  an  invitation  for 
amateur  astronomers  to  use  NASAs  orbit- 
ing Hubble  Space  Telescope,  scheduled  for 
launch  this  April  . Larson  submitted  her 
idea — a search  for  solar  systems  in  the 
process  of  formation- — to  the  Space  Tele- 
scope Science  Institute  in  Baltimore, 
which  directs  the  scientific  use  of  the  tele- 
scope. 

Viewing  time  with  Hubble  will  be  a 
scarce  and  coveted  commodity,  even 
among  professional  astronomers.  In  1 986, 
Riccardo  Giacconi,  director  of  the  Insti- 
tute, offered  part  of  his  own  "discre- 
tionary” viewing  time — about  20  hours  in 
all — to  amateurs.  The  call  rang  through- 
out the  amateur  astronomy  community, 
and  several  hundred  responses  came  from 
behind  hundreds  of  reflectors,  refractors 
and  star  wheels.  List  August,  five  of  the 
proposals  were  chosen. 

Ray  Sterner,  a computer  scientist  at 
Johns  Hopkins  University,  will  train  the 
telescope  on  mysterious  luminescent  arcs 


Barring  last-minute 


problems,  Hubble  will  get  off 
the  ground  in  April. 

seen  around  galactic  clusters,  try  ing  to  de- 
termine if  they  are  optical  illusions  caused 
by  gravitational  lenses,  or,  as  lie  believes, 
real  phenomena. 

A science  teacher  from  the  Rochester, 
New  York,  area,  James  Secosky,  will  look 
for  frost  on  Jupiter's  moon  Io,  while 
Theodore  Hewitt,  a Berkeley,  California, 
science  museum  volunteer,  awaits  a nova 
to  study  how  such  a stellar  explosion 
might  affect  the  cloud  of  comets  sur- 
rounding a star. 

These  viewing  programs  will  be  fed 
into  a computer  in  Baltimore,  which  ulti- 
mately determines  where  the  telescope 
will  point.  Professional  astronomers  will 
help  the  amateurs  analyze  their  informa- 
tion, and  the  gathered  data  will  be  collat- 
ed and  published  in  a scientific  journal. 

Long  before  he  dreamt  of  publishing 
scientific  papers,  Pete  Kandcfer  took  his 


first  serious  look  at  the  heavens. 

"I  was  lucky  enough  to  have  seen  Sput- 
nik/’ he  said.  The  Soviet  spacecraft  sped 
across  the  American  sky,  while  ground  ob- 
servers calculated  its  position.  Kandefer 
grew  to  love  die  sky.  He  graduated  to 
stronger  telescopes,  then  on  to  member- 
ship in  local  astronomy  clubs.  Now  he'll 
get  to  use  astronomy's  ultimate  “eyepiece. " 
The  electrical  engineer  from  New  Hart- 
ford, Connecticut,  hopes  that  his  experi- 
ment will  contribute  new  information  on 
the  magnetic  properties  of  a particular 
class  of  variable  star. 

"In  the  end  it  was  all  worthwhile," 
Kandefer  said  of  the  two-year  wait  to  hear 
if  his  proposal  was  accepted,  "Now,  I get  a 
chance  to  build.  It  s like  launching  a satel- 
lite of  my  own.  " 

Like  many  outstanding  amateur  as- 
tronomers, Kandefer  shows  off  the  stars  in 
regular  viewings  to  his  local  community. 
Besides  using  optical  telescopes,  he  also 
has  applied  his  electrical  engineering  tal- 
ents to  building  a small  radio  telescope  to 
detect  radio  interference  caused  by  the 
Sun.  That  earned  him  an  award  at  Stel- 
lafane,  the  annual  summertime  sky-gazing 
confab  in  Vermont, 

Each  of  the  five  amateurs  was  notified 
by  telephone  that  their  Hubble  viewing 
proposal  had  been  selected. 

"I  was  excited  for  two  hours,”  Kandefer 
said.  Many  friends  don’t  understand  the 
importance  of  being  chosen,  he  says,  but 
his  astronomy  friends  do.  They  know  that 
a backyard  stargazer  being  awarded  view- 
ing time  on  the  Hubble  Space  Telescope  is 
like  going  to  the  prom  on  your  first  date 
and  having  unconditional  use  of  your  par- 
ents’ new  Porsche.  Maybe  even  better.  Q 
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NRI’s  new  at-home 
training  gives  you  the 
computer,  the  soft- 
ware, and  the  hands- 
on  skills  to  start  a 
high-paying  career 
as  a computer 
programmer 


Now  NRI  gives  you  hands-on 
experience  in  computer  programming 
with  a powerful  IBM  XT-compatible 
computer  system  and  software  you  keep. 
One  easy  step  at  a time,  you  build  full- 
featured,  powerful  programs  in  BASIC, 
Pascal,  C,  and  COBOL— today’s  hottest 
computer  languages.  One  easy  step  at  a 
time,  you  train  to  be  a high-paid 
computer  programmer! 


tour  NRI  training  includes  a computer, 
modem,  and  invaluable  programming 
software  you  keep 

Unlike  any  other  course,  NRPs 
at-home  training  in  Computer 
Programming  gives  you  hands-on 
experience  with  a powerful,  IBM 
XT-compatible  West  Coast  800  ES 
computer  system,  including  2400  baud 
internal  modem,  640K  RAM,  disk 
drive,  and  invaluable  programming 
software— BASIC,  Pascal,  C,  and 
COBOL— all  yours  to  keep. 

With  NRI,  you  get  the  skills  and 
the  confidence,  the  computer  and  the 
software  to  build  real-world,  working 
programs  for  a wide  variety'  of  business, 
personal,  and  professional  appEcations 
...  in  all,  eventhing  you  need  to  step 
into  today’s  top  computer  program- 
ming jobs. 

No  previous  experience  necessary 

No  matter  what  your  background, 

NRI  ensures  you  get  the  know-how 
you  need  to  take  full  advantage  of 
every  exciting  opportunity  in 
computer  programming  today. 

With  your  experienced  NRI 
instructor  always  available  to  help,  you 
quickly  cover  the  fundamentals,  then 


move  on  to  master  all  four  of  today’s  key 
computer  languages— BASIC,  Pascal, 

C,  and  COBOL— step  by  easy  step. 
Before  you  know  it,  you  have  what  it 
takes  to  handle  any  programming 
problem  you’re  likely  to  encounter 
in  your  professional  career. 

Now,  as  never  before,  you  can  succeed 
as  a computer  programmer 

The  best  news  comes  from  the  Bureau  of 
Labor  Statistics:  As  a programmer  trained 
in  a variety'  of  computer  languages  you 


can  land  the  programming  position  of 
your  choice — even  make  it  on  your  own 
as  an  independent  programmer.  There’s 
no  doubt  about  it— with  NRI’s  complete, 
at-home,  four-language  training  in 
Computer  Programming,  you  can 
write  your  own  ticket  to  success  in  this 
high-paying,  top- growth  computer 


career 


field! 


See  other  side  for  highlights  of  your 
NRI  hands-on  training  In  BASIC, 
Pascal,  C,  and  COBOL  » 


SEND  CARD  TODAY  FOR  FREE  NRI  CATALOG 
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Please  rush  me  my  FREE  catalog 
describing  NRPs  at-home  training  in  Computer 
Programming. 
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_Age. 
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Address 
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.State. 


.Zip. 


5477*030 


Your  NRI  training  in  computer  programming 
includes  an  IBM  XT-compatible  West  Coast  800 
ES  computer  with  internal  modem,  A40K  RAM, 
disk  drive,  monitor,  and  programming 
software— BASIC,  Pascal,  C,  and  COBOL— all 
yours  to  keep! 
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Now,  with  NRI,  you  can  learn  to  program  in 
today’s  hottest  computer  languages- 
BASIC,  Pascal,  C,  and  COBOL 

NRTs  new  at-home  training  in 
Computer  Programming  starts  by 
walking  you  step  by  step  through 
the  fundamentals,  easing  you  into 
programming  with  brilliantly 
detailed  instructions,  charts,  and 
diagrams. 

In  no  time  at  all,  you  have  a 
complete  understanding  of  the 
programming  techniques  used  every 
day  by  successful  micro  and  main- 
frame programmers.  And  then  the 
fun  really  begins. 

With  your  personal  NRI 
instructor  on  call  and  ready  to  help, 
you  use  the  computer  system  included 
in  your  training  to  actually  design, 
code,  run,  debug,  and  document 
programs  in  BASIC,  Pascal,  C,  and 
COBOL.  Then,  following  easy-to- 
read  instructions,  you  use  your 
modem— also  included— to  “talk” 
to  your  instructor,  meet  other  NRI 
students,  even  download  programs 
through  NRTs  exclusive  program- 
mers network,  PRONET. 

Send  for  your  FREE  catalog  today 

For  all  the  details  about  NRTs 
at-home  training  in  Computer 
Programming,  send  the  postage-paid 
reply  card  today  Soon  you’ll  receive 
NRTs  fascinating,  information- 
packed,  full-color  catalog. 

■ Open  it  up  and  you’11  find 
vivid  descriptions  of  every  aspect 
of  NRI  training.  You’ll  see  the 
| IBM  XT-compatible  computer 
included  in  your  course  up  close 
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SpaceTech 

Raise  the  Lifeboats 


What  comes  down  may  also  go  up. 
By  Dan  W.  Leonard 


Imagine  you’ve  finally  made  that 
move  to  your  dream  island  off  the 
coast.  Now  only  one  thing  stands  be- 
tween you  and  the  safe,  comfortable  life 
you’ve  planned  for  yourself:  a reliable  way 
to  get  to  and  from  the  mainland.  You  de- 
cide to  buy  a life  raft  for  emergencies.  But 
while  shopping  around,  you  spot  a beauti- 
ful, pricey  new  cabin  cruiser.  You  can 
barely  afford  your  island  home  as  it  is, 
much  less  a new  boat.  But,  boy,  would  it 
make  things  easier — not  to  mention  safer. 
What  to  do? 

That’s  what  NASA  space  station  ad- 
ministrators are  asking  as  they  weigh  the 
merits  of  a low-cost  capsule  versus  a new 
miniature  space  shuttle  to  serve  as  Free- 
dom s “lifeboat.”  In  an  emergency  aboard 
the  station,  the  proposed  rescue  capsule 
would  simply  fall  to  Earth.  The  proposed 
mini-shuttle,  or  Personnel  Launch  Vehicle 
(PLV),  could  coast  back  like  a glider.  More 
importantly,  it  also  could  be  launched 
back  up  to  the  station  with  a crew  aboard, 
greatly  reducing  Freedom’s  dependence  on 
the  space  shuttle. 

“There  is  definitely  a legitimate  need 
for  a space  station  vehicle  with  down  capa- 
bility, but  is  it  also  necessary  for  that  vehi- 
cle to  have  up  capability?”  says  Delma  C. 
Freedman,  of  NASA’s  Langley  Research 
Center.  “That’s  one  of  the  things  we’re  try- 
ing to  find  out  now.” 

As  head  of  vehicle  analysis,  Freedman  is 
leading  the  team  developing  the  PLV  con- 
cept, which  is  competing  with  three 
capsule  designs  for  a parking  place  on  the 
space  station. 

At  a minimum,  NASA  wants  a vehicle 
capable  of  safely  returning  sick  or  injured 
Freedom  crew  members  to  Earth  in  the 


event  that  the  shuttle  is  grounded.  Both 
the  capsules  and  the  PLV  could  do  that. 
But  the  PLV  also  could  rescue  astronauts 
stranded  during  spacewalks,  ferry 
crew  members  (and  cargo)  to  and  from  the 
station,  or  rescue  a visiting  shuttle  crew  if 
the  shuttle  malfunctions  while  docked. 

Even  without  launch  capability,  a rescue 
vehicle  with  some  aerodynamic  lift  is  still 
desirable,  says  Freedman.  A lifting-body 
vehicle  would  re-enter  the  atmosphere  at  a 
maximum  deceleration  of  2 g’s,  while  a 
capsule  re-enters  at  4 to  8 g’s.  Although  a 
healthy  person  can  withstand  8 g’s,  some- 
one with  a broken  leg  or  a ruptured  ap- 
pendix might  suffer  pain  under  such  a stress. 

A lifting-body  also  offers  more  flexibili- 

The PLV  would  be  both  a 
lifeboat  and  a ferry 
into  orbit. 


ty  in  returning  to  Earth,  Freedman  says. 
While  a capsule  would  fall  along  the  same 
path  in  which  it  was  orbiting,  a lifting- 
body  rescue  vehicle  could  land  anywhere 
within  900  miles  of  the  space  station’s 
ground  track,  offering  more  options  for 
reaching  suitable  landing  sites. 

The  proposed  PLV  would  be  25  feet 
long  with  a 21 -foot  wingspan,  a mere 
dwarf  compared  to  the  122-foot  by  78- 
foot  space  shuttle.  It  would  weigh  13,500 
pounds  empty  and  have  room  for  eight 
crew  members,  or  four  crew  members  and 
1 ,000  pounds  of  cargo. 

With  slight  modifications,  the  PLV 
could  be  launched  atop  a Titan  4 booster, 
or  it  could  fold  up  its  wings  and  catch  a 
ride  in  the  shuttle’s  cargo  bay.  On  the  re- 
turn trip,  it  would  de-orbit  with  a pair  of 
rockets  each  having  870  pounds  of  thrust. 
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It  also  would  have  a set  of  2 5 -pound 
thrust  reaction  control  rockets. 

The  195 Os- throwback,  Buck  Rogers 
design  of  the  PLV — round  and  squat, 
with  stubby  wings — is  driven  by  three 
major  criteria.  First,  the  craft  needs  suit- 
able gliding  capability  for  flexibility  in 
the  choice  of  landing  site  and  lower  g s on 
re-entry.  This  mandates  the  wings. 

But  it  also  must  be  very  stable  aerody- 
namically  so  it  can  fly  autonomously,  and 
it  must  be  big  enough  to  hold  eight  crew 
members,  yet  small  enough  to  fit  inside  a 
shuttles  cargo  bay.  These  needs  led  to  the 
rounder  shuttle-shaped  design,  rather  than 
the  long,  sleek,  jet-like  design  of  a minia- 
ture National  Aerospace  Plane,  which 
would  have  been  bigger,  but  would  have 
had  less  volume  inside. 

The  PLV  is  a strong  contender  to  be 
Freedom’s  lifeboat,  but  plenty  of  people  at 
the  ends  of  the  purse  strings  also  are 
pulling  hard  for  one  of  the  three  cheaper 
capsule  designs.  Freedman  won’t  give  spe- 
cific cost  or  contractor  projections,  but 
says  the  PLV’s  cost  would  be  proportional 
to  a scaled-down  shuttle. 

While  Rockwell  International  takes 
over  the  detailed  design  of  the  mini-shut- 
tle, Freedman  will  turn  his  efforts  to 
showing  that  the  PLV  is  economically  fea- 
sible. “The  PLV  design  is  viewed  as  the 
Cadillac  of  the  crew  rescue  vehicle 
world — more  expensive,  but  also  having 
more  capability,”  he  said.  “What  we’re 
trying  to  determine  now  is  how  much  more 
you  have  to  pay  to  get  that  extra  capability.” 

Freedman  and  his  team  will  have  an- 
other year  to  prove  the  PLV’s  worth  before 
NASA  and  a coalition  of  competing  con- 
tractors make  a final  decision.  □ 
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STS-32 


LAUNCH: 

7:35  a.m.  EST,  January  9, 
1990 

Pad  39 A,  Kennedy  Space 
Center,  Florida 
LANDING: 

1:35  a.m.  PST,  January  20, 
1990 

Edwards  Air  Force  Base, 
California 

ORBITER:  Columbia 
ALTITUDE:  145-191  nauti- 
cal miles 
CREW: 

Daniel  C.  Brandenstein, 
Commander 

James  D.  Wetherbee,  Pilot 
Bonnie  J.  Dunbar,  Marsha  S. 
Ivins,  G.  David  Low,  Mission 
Specialists 

PRIMARY  PAYLOADS: 
SYNCOM  IV- 5 communica- 
tions satellite 
Long  Duration  Exposure 
Facility  (LDEF)  retrieval 
OTHER  PAYLOADS: 
Fluids  Experiment  Apparatus 
Protein  Crystal  Growth 
experiment 


American  Flight  Echocar- 
diograph 

Characterization  of  Neurospora 
Circadian  Rhythms 
Latitude/Longitude  Locator 
Mesoscale  Lightning 
Experiment 
IMAX  camera 

“LDEF  is  coming  home!” 
proclaimed  NASA’s  new  fact 
sheet  about  the  Long  Duration 
Exposure  Facility,  an  1 1-ton 
“passive”  satellite  with  57 
science  and  technology  experi- 
ments onboard.  Unfortunately, 
that  was  taie  whether  the  space 
agency  did  anything  or  not;  fall- 
ing out  of  the  sky  at  the  rate  of  a 
half-mile  per  day,  LDEF  would 
have  re-entered  and  broken  up 
in  the  atmosphere  by  mid- 
March.  The  prime  objective  of 
STS-32  was  to  make  sure  it  re- 
turned safely  stored  in  Colum- 
bia’s payload  bay  rather  than  as 
charred  pieces  of  aluminum  in 


somebody’s  backyard. 

Problems  with  putting 
the  finishing  touches  on  the 
remodeled  launch  pad  39 A 
delayed  the  mission  three 
weeks  past  its  scheduled  mid- 
December  liftoff.  But  when 
Columbia  finally  roared  off  the 
pad  shortly  after  dawn  on  Jan- 
uary 9,  observers  were  treated 
to  one  of  the  most  visually 
striking  launches  ever  as  the 
shuttle  stack  arched  through 
wispy  cloud  layers  painted  by 
the  early  morning  sunlight. 

Shuttle  veteran  Dan  Bran- 
denstein’s  crew  had  an  easy  first 
day  in  space.  Mission  specialist 
Bonnie  Dunbar  gave 
Columbia’s  robot  arm  a thor- 
ough workout  to  ensure  it  was 
ready  to  snare  LDEF  three 
days  later.  The  astronauts  also 
fired  the  orbiter’s  engines  to 
move  laterally  into  LDEF’s  or- 
bital plane — much  the  way  a 
car  changes  lanes  on  a high- 


way— and  to  slow  the  rate  at 
which  they  were  closing  on  the 
satellite. 

On  their  second  day  in 
orbit,  Dunbar  and  David  Low 
(son  of  George  Low,  one  of 
NASA’s  top  managers  during 
the  Apollo  era)  successfully 
launched  the  SYNCOM  IV-5 
communications  satellite. 
Rolled  out  of  Columbia’s  cargo 
bay  using  the  “Frisbee”  deploy- 
ment unique  to  the  shuttle, 
SYNCOM  rocketed  itself  to 
geosynchronous  altitude,  where 
it  became  the  fourth  opera- 
tional satellite  in  a Department 
of  Defense  communications 
system  linking  ships,  planes 
and  ground  stations. 

Over  the  next  two  days, 
Columbia  crept  ever  nearer  to 
LDEF.  The  STS-32  rendezvous 
was  one  of  the  most  complex 
the  shuttle  had  ever  attempted, 
requiring  1 1 major  firings  of 
Columbia’s  maneuvering  en- 
gines. During  one  of  the  burns, 
the  astronauts  let  viewers  on 
the  ground  watch  over  their 
shoulders  via  a TV  camera 
mounted  in  the  aft  flight  deck. 
Surprisingly,  the  engine  igni- 
tion didn’t  produce  much  of  a 
visible  kick — just  a brief  jiggle 
in  the  picture,  much  as  if  the 
100- ton  orb  iter  had  hit  a pot- 
hole in  the  road. 

During  the  final  phase  of 
the  rendezvous  on  the  morning 
of  January  12,  the  astronauts 
used  a new  maneuver  called 
“minus  R BAR”  that  eliminat- 
ed the  need  for  a close-in  fly- 
around  of  the  target.  In  a cos- 
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mic  pas  cle  deux.  Columbia 
passed  about  3000  feet  beneath 
LDEF,  swooped  up  to  a posi- 
tion 400  feet  directly  above  the 
satellite,  then  moved  straight 
down  the  radius  (“R  BAR”) 
line  passing  through  LDEF 
toward  Earth. 

Dan  Brandenstein,  known 
as  one  of  the  best  “stick  men” 
among  shuttle  pilots,  nudged 
the  orbiter  down  a tew  feet  at  a 
time  while  Bonnie  Dunbar 
poised  the  robot  arm  to  capture 
LDEF.  When  the  school  bus- 
sized satellite  was  lined  up  just 
35  feet  away,  Dunbar  deftly 
brought  the  arm’s  “end  effec- 
tor,” or  hand,  five  feet  forward 
and  grappled  one  of  LDEF’s 
docking  fixtures. 

“We  have  LDEF,”  Branden- 
stein radioed  proudly  to  Mis- 
sion Control.  “Everything  went 
just  the  way  a nominal  sim 
[simulation]  does — only  the 
visuals  were  better!” 

For  the  next  four  and  a half 
hours,  Dunbar  manipulated 
LDEF  though  seven  different 
positions  while  Marsha  Ivins 


took  still  photographs  and 
videotape.  The  photo  survey 
documented  the  condition  of 
LDEF’s  experiments  after  al- 
most six  years  in  orbit,  in  case 
the  satellite  sustained  damage 
during  reentry  or,  even  worse, 
couldn’t  be  locked  into  Colum- 
bia’s payload  bay  and  had  to  be 
re-boosted  to  a higher  altitude. 

Later  that  afternoon,  Dun- 
bar again  showed  her  dexterity 
with  Columbia’s  remote  ma- 
nipulator arm.  Using  almost 
imperceptible  movements — 
sometimes  as  little  as  a tenth  of 
a degree  at  a time — she  guided 
LDEF  into  the  open  payload 
bay,  which  had  only  six  inches 
to  spare  on  either  side  of  the 
bulky  satellite.  Once  LDEF 
was  perfectly  aligned,  four 
latches  on  the  cargo  bay  walls 
and  one  on  the  keel  locked  the 
craft  firmly  into  position  for 
the  ride  home. 

With  their  main  goal 
accomplished,  the  astronauts 
concentrated  on  the  battery  of 
scientific  and  medical  investi- 
gations mounted  in  Columbia’s 


mid-deck  cabin  area.  STS-32 
was  the  second  shuttle  flight 
for  the  Fluids  Experiment  Ap- 
paratus (FEA),  a device  to  grow 
pure  crystals  in  microgravity. 
During  each  experiment  run, 
the  FEA  used  a moving  heater 
to  produce  a “floating  melt 
zone”  in  a sample  of  pure  indi- 
um. This  flight  was  aimed  at 
learning  the  effects  of  routine 
mission  activities  on  crystal 
growth.  A special  accelerome- 
ter connected  to  the  experi- 
ment recorded  disturbances 
caused  by  firing  of  the  orbiter’s 
thrusters  and  by  astronauts  ex- 
ercising on  a treadmill.  “You 
could  tell  the  molten  zone  was 
undulating  while  Dan  was 
running,”  reported  David  Low. 
“It’s  pretty  dramatic.” 

The  Protein  Crystal  Growth 
(PCG)  experiment  was  de- 
signed to  produce  120  crystals 
with  24  different  proteins.  Re- 
searchers want  to  determine 
the  proteins’  three-dimensional 
structure  as  part  of  studies  that 
could  lead  to  improved  phar- 
maceuticals. The  PCG  experi- 


"Gotcha":  After  almost  six 
years  In  orbit,  LDEF 
was  grabbed  by  Bonnie 
Dunbar  using  the  shuttle's 
robot  arm.  Opposite: 
Brandenstein,  Dunbar, 

Ivins,  Low  and  Wetherbee 
onboard  Columbia. 

ment  had  a rocky  start,  howev- 
er; the  astronauts  discovered 
that  one  of  the  trays  somehow 
came  unplugged  during  their 
first  night  of  sleep,  and  experi- 
menters were  unsure  what  ef- 
fect the  resulting  rise  in  tem- 
perature would  have  on  that 
batch  of  crystals. 

One  of  the  niftiest  gadgets 
the  astronauts  used  on  STS-32 
was  the  Latitude/Longitude  Lo- 
cator, also  known  as  “L-cubed.” 
As  Columbia  flew  over  speci- 
fied sites  on  Earth,  the  astro- 
nauts used  a camera  connected 
to  a computer  to  snap  photos 
of  the  target  at  15-second  in- 
tervals, while  the  computer 
generated  two  possible  lati- 
tude/longitude readouts.  The 
L3  could  be  especially  useful 
on  future  missions  to  pinpoint 
the  exact  location  of  ocean  fea- 
tures seen  from  space. 

The  STS-32  crew  also  had 
a variety  of  medical  tests  to  do 
during  their  scheduled  ten 
days  in  orbit — twice  the 
length  of  most  shuttle  flights. 
With  16-and  28-day  missions 
in  the  works  for  1993  and  be- 
yond, NASA  doctors  wanted 
the  extra  time  to  renew  studies 
of  how  lengthy  stays  in  space 
affect  the  human  body. 

A slight  glitch  plagued  the 
American  Flight  Echocardio- 
graph  (AFE),  an  off-the-shelf 
ultrasonic  imager  that  displays 
two-dimensional  video  of  the 
heart  and  other  organs.  Mission 
specialist  Marsha  Ivins  noticed 
that  electromagnetic  interfer- 
ence distorted  the  half  of  the 
screen  she  used  as  a monitor, 
although  the  AFE  images 
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picked  up  by  an  onboard  cam- 
corder were  fine. 

The  AFE  also  was  used  with 
a collapsible  Lower  Body  Neg- 
ative Pressure  (LNBP)  unit 
that  made  its  debut  on  STS-32. 
The  accordion-like,  barrel- 
shaped  device  is  designed  to 
pull  fluids  toward  an  astro- 
naut’s legs  after  he  or  she 
drinks  a controlled  amount  of 
saline  solution.  Bonnie  Dunbar 
and  David  Low  each  took  sev- 
eral turns  in  the  experiment 
during  the  latter  half  of  the 
mission,  including  “therapeu- 
tic" runs  that  kept  their  lower 
bodies  at  negative  pressure  for 
four  hours.  Researchers  believe 
that  even  simple  countermea- 
sures such  as  the  LBNP  may 
help  astronauts  re-adapt  to 
gravity  while  still  in  zero-g. 

At  times,  Columbia  itself 
needed  some  therapeutic  treat- 
ment. NASA’s  first  space  shut- 
tle seemed  to  be  afflicted  with 
more  than  the  usual  number  of 
electromechanical  aches  and 
pains.  During  a routine  inspec- 
tion, commander  Dan  Bran- 
denstein  discovered  water  seep- 
ing from  one  of  the  humidity 
separators  located  beneath  the 
orbiters  mid -deck  floor.  The 
astronauts  quickly  mopped  up 
“the  bilge,”  but  the  problem 
persisted  throughout  the 
flight.  Eventually  they  resorted 
to  a low-tech  solution,  wrap- 
ping the  unit  in  a towel  to  sop 
up  the  moisture. 

False  alarms  went  off  nearly 
every  day.  One  of  Columbia’s 
three  Inertial  Measurement 
Units  (IMUs)  went  off-line 
when  it  erroneously  reported 
a shift  in  acceleration.  And 
during  the  missions  last  few 
days,  a faulty  smoke  detector 
buzzed  the  astronauts  awake 
several  times. 

More  serious  was  an  error 
made  by  Mission  Control  on 
January  17,  when  an  incorrect 
“state  vector” — navigation  in- 
formation used  by  the  orbiters 


LDEF  COMES  HOME 


When  the  long  Duration  Exposure  Facility  was  released 
into  orbit  by  the  STS-41C  astronauts  in  April  1984,  NASA 
expected  to  have  it  back  on  the  ground  within  a year. 
Because  it  was  stranded  in  space  for  almost  six  times  that 
long,  scientists  and  engineers  expect  the  57  experiments  on- 
board the  satellite  to  yield  a bonanza  of  data  useful  in  de- 
signing spacecraft  for  long  stays  in  orbit. 

NASA  won't  release  full  results  of  its  study  of  LDEF  until 
mid-summer,  but  program  officials  were  unanimous  that  the 
satellite  appeared  in  much  better  condition  than  expected, 
based  on  video  images  sent  bock  during  the  photo  survey 
in  orbit. 

The  end  of  the  craft  that  was  pointed  in  the  direction  of 
its  orbital  motion  showed  the  greatest  wear  and  tear.  One 
of  the  materials  experiments  mounted  on  panels  fixed  to 
the  satellite's  exterior  was  "peeled  bock  like  a sardine  can," 
in  the  words  of  one  astronaut.  Shuttle  commander  Branden- 
stein  noted  that  LDEF  was  surrounded  by  minute  pieces  of 
debris  that  presumably  had  flaked  off  during  the  retrieval 
operations.  Also,  some  experiment  doors  that  should  have 
closed  at  the  end  of  LDEF's  nominal  one-year  period  in  spoce 
apparently  stuck  open. 

Researchers  were  especially  anxious  to  get  their  hands 
on  thin-film  materials  such  as  Kapton  to  determine  the  ef- 
fects of  atomic  oxygen  deterioration.  In  some  cases,  only  1 
mil  of  material  was  estimated  to  be  remaining  on  sheets 
that  had  been  5 mils  thick. 

And  schoolchildren  across  the  country  awaited  their 
share  of  the  12  1/2  million  tomato  seeds  that  flew  on  LDEF 
as  the  Space  Exposed  Experiment  Developed  for  Students 
(SEEDS).  Although  the  seeds  were  saturated  with  radiation — 
leading  to  innumerable  jokes  about  "Killer  Tomatoes"— ex- 
perimenters believed  that  some  of  them  will  sprout  and 
produce  fruit. 


computers — was  radioed  to 
Columbia.  As  a result,  one  of 
the  orbiters  small  maneuver- 
ing engines  fired  while  the 
crew  slept,  causing  the  shuttle 
to  roll  at  three  degrees  per  sec- 
ond. Ground  controllers  woke 
commander  Brandenstein,  who 
manually  returned  Columbia 
to  its  proper  attitude. 

Brandenstein,  who  heads 
NASA's  astronaut  office,  passed 
a couple  of  milestones  during 
STS-32.  He  took  a deluge  of 
good-natured  ribbing  for 
reaching  his  47th  birthday 
while  in  orbit.  He  also  figura- 
tively became  the  “old  man” 
among  shuttle  astronauts  when 
he  eclipsed  Bob  Crippen  s 
record  of  565  hours  in  space. 

Bonnie  Dunbar  also  had 
reason  to  celebrate.  She  broke 
the  record  for  time-in-orbit  by 
an  American  woman,  and 
learned  that  NASA  had  tapped 
her  husband,  Ron  Sega,  as  a 
member  of  the  latest  astronaut 
class. 

Columbia  was  scheduled 
for  a pre-dawn  landing  at  Ed- 
wards AFB  on  January  19,  but 
ground  fog  caused  Houston  to 
“wave  off’  the  attempt  for  an 
extra  day.  The  next  morning, 
Brandenstein  and  pilot  Jim 
Wetherbee  finally  brought 
Columbia  and  LDEF  home, 
making  a smooth  touchdown 
on  Edwards’  concrete  Runway 
22.  To  compensate  for  the  hefty 
LDEF  sitting  far  forward  in  the 
orbiters  cargo  bay,  Branden- 
stein landed  at  a fester- than- 
normal  speed  and  held  the 
spaceplanes  nosewheel  off  the 
ground  for  a few  extra  seconds. 

The  landing  delay  made 
STS-32  the  longest  shuttle 
mission  to  date,  passing  STS- 
9 s 10-day,  seven-hour  mark. 
The  real  significance  of  the 
flight,  however,  was  that 
NASA  again  proved  its  point 
about  the  shuttle:  if  you  want 
to  “pick  up”as  well  as  “deliver,” 
its  the  only  way  to  fly.  □ 
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The  History  Of  The  World 
Comes  Alive  WhenVbu  See 
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The  Big  Picture 


When  yon  look  at  6,000  years  of  history  in 
chronological  order— on  a chart  almost  three 
feet  high  and  eight  feet  long—  important  dates 
and  events  just  seem  to  fall  into  place! 

Never  has  there  been  a clearer,  more 
concise  overview  of  our  history,  archaeology, 
theology  and  mythology  than  with  The  World 
History  Chart  from  International  Timeline,  Inc, 
Test  your  talent  for  historical  trivia.  What 
do  the  Groat  Wall  of  China  and  the  Chin 
Dynasty  have  in  common  with  the  Roman 
Empire?  When  the  Normans  migrated  to 


Northern  France,  where  did  they  come  from? 

The  world  takes  on  new  dimensions  as 
you  witness  the  development  of  15  major 
civilizations  from  4,000  B,C.  to  the  present  To 
fully  understand  the  scope  of  information  on 
the  Chart— picture  US,  history  as  just  two 
inches  over  the  space  of  eight  feet  of  time! 

This  invaluable  teaching  and  reference  tool 
has  taken  years  to  compile.  Its  easyrtoread 
format  appeals  to  everyone  from  the  casual 
admirer  to  the  scholar. 


Now,  you 

can  have  your  own  for  just  $29.95  (U.S. 
currency)  plus  $5 .00  for  shipping  and  handling 
($34.95  each).  Add  $15,00  for  each  laminated 
chart  ($49,95).  Simply  call  toll-free  1-800- 
621-5559  (1-800-972-5855,  in  Winohl  and 
charge  it  to  your  MasterCard,  or  VISA . 

Or,  complete  the  coupon  below  and  mail 
with  check  or  money  order  payable  to: 
International  Timeline,  Inc.,  2565  Chain 
Bridge  Road,  Vienna,  VA  22180  * (Virginia  residents 
add  tax.  Outside  US,  add  $10.00  instead  of  $5.00  for 

shipping  and  handling.  Allow  4 -6  weeks  for  delivery.) 


F Please  send  me  the  World  History  Chart  for  $29.95  (U.S,  currency)  Add  $15,00  for  each  laminated  chart  ($49.95).  Outside  U.S,  include 
■ plus  $5.00  for  shipping  and  handling  for  each  chart  ordered  ($34.95).  an  additional  $5.00  for  shipping  and  handling. 

! 6,000 Years  Of  History  At  A Glance  For  Only  $29.95! 

I Send  to: Address: 

| frrtaas&minl) 

J city: State: Zip: # Of  Charts  Desired: Laminated . Uni  am  mated 

| Enclosed  is check money  order  for  $ Ch  ecks  payable  to:  International  Timeline,  Inc. 

I^Virg  i nia  residents  add  4 '/>%  sates  tax.  Please  allow  4-6  weeks  for  delivery^  ^ ^ ^ FF-2  _ ^ ^ 2565  Chain  Bridge  Road,  Vienna,  VA  22180 
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It  wont  see  the  Restaurant  at  the  End  of  the  Universe,  but  it  mil  show  us 
just  about  everything  else.  By  Andrew  Chaikin 


Lh  rom  our  little  corner  of  the  universe,  at 
the  inner  edge  of  the  Orion  Arm  of  a spiral  galaxy  called  the  Milky  Way,  we  are  about  to 
take  a good  look  around,  at  last  free  of  the  murky  window  we  call  the  atmosphere.  The 
Hubble  Space  Telescope  isn't  very  big  as  telescopes  go.  Its  instruments  are  based  on  decade- 
old  technology.  It  is  hellishly  complex  to  operate.  Even  its  proponents  caution  that  parts  of 
it  are  likely  to  break  down  when  it  is  in  space.  But  even  if  it  doesn't  work  as  well  as  expect- 
ed—and  most  astronomers  suspect  it  will  not — it  has  the  potential  to  transform  our  com- 
prehension of  the  universe.  The  talk  you've  heard  about  how  it  represents  the  biggest  leap 
in  observing  power  since  Galileo  invented  the  telescope,  how  it  could  help  answer 
fundamental  questions  about  the  universe,  is  true. 

The  Space  Telescope  project  is  what  historian  Robert  W.  Smith  calls  "Big  Science,"  a 
massive  effort  whose  initiation  required  not  only  scientific  but  political  expertise,  and 
whose  history  is  marked  by  managerial  as  well  as  technological  battles.  Thousands  of  scien- 
tists and  engineers  in  aerospace  companies,  universities,  and  within  NASA  have  participat- 
ed in  the  telescopes  design,  manufacture  and  testing  over  a span  of  nearly  two  decades.  An 
entire  operations  and  research  center  called  the  Space  Telescope  Science  Institute  has  spaing 
up  on  the  campus  of  Johns  Hopkins  University  in  Baltimore  to  manage  the  telescopes  sci- 
entific explorations. 

But  the  dream  of  a telescope  in  space  dates  to  1923,  when  German  rocket  pioneer  Her- 
mann Oberth  first  described  the  tremendous  advantages  of  an  instrument  placed  above  the 
atmosphere.  By  1946,  wartime  advances  in  rocketry  had  made  Earth  satellites  feasible,  and 
Princeton  astronomer  Lyman  Spider  took  up  the  cause  of  a space  telescope.  That  year  the 
200-inch  Palomar  reflector,  destined  to  let  astronomers  look  back  in  space  and  time  almost 
to  the  birth  of  the  universe,  was  still  under  construction.  But  even  then  astronomers  knew 
that  it  would  be  limited  in  what  it  could  achieve.  The  Palomar  reflectors  great  light -gath- 
ering power  would  let  astronomers  see  farther,  but  it  would  not  add  one  bit  of  detail  to  the 
view  of  any  celestial  object. 

It  sounds  impossible  to  anyone  who  has  sttxxJ  in  the  shadow  of  one  of  these  glass  and 
metal  giants,  but  it  s true:  In  terms  of  image  sharpness,  the  largest  telescopes  perform  no 
better  than  a good  8-inch  scope  in  the  backyard.  The  reason  is  simple;  they  all  look 
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Universe  and  Everything 
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ST-Sc-i 


Right:  the  Orion  Nebula,  a stellar 
nursery  some  1,500  light  years 
distant,  should  show  new  detail  in 
Space  Telescope  images.  Far  right:  the 
shuttle  will  release  the  telescope  into 
orbit,  then  back  away  while  engineers 
on  Earth  begin  checking  out  its 
systems.  Astronauts  will  be  able  to 
repair  and  replace  HST's  instruments 
on  future  visits  to  the  orbiting  observatory. 


through  the  atmosphere. 

The  seemingly  clear  dome  of  a dark 
night  sky  is  anything  but  a perfect  win- 
dow on  the  heavens.  The  air  is  always  in 
morion,  and  for  astronomers  this  turbu- 
lence takes  a heavy  toll  in  detail.  The  sharp 
pinpoint  of  a star's  image  becomes  smeared 
into  a blob  of  light.  The  same  goes  for  any 
small  feature,  whether  a wispy  cloud  in 
Jupiter's  atmosphere  or  the  starry  whorls  of 
a distant  spiral  galaxy.  The  degree  of  atmo- 
spheric clarity,  which  astronomers  call 
"seeing/'  varies  from  night  to  night  ac- 
cording m the  whims  of  the  atmosphere. 
And  only  under  the  best  conditions — a 
handful  of  nights  per  year — can  a well- 
made  telescope  on  Earth  approach  its 
theoretical  limit  of  performance. 

But  in  the  vacuum  of  space  the  seeing  is 
always  perfect,  and  the  gain  in  resolution 
is  astonishing.  Another  enormous  benefit 
is  access  to  the  entire  spectrum,  not  just 
the  narrow  range  of  wavelengths  that  filter 
through  die  Earth's  atmosphere.  A large 
orbiting  telescope  would  transform  as- 
tronomers' view  of  the  universe,  and  yet, 
in  the  1960s  when  Spitzer  tried  to  con- 
vince his  colleagues  to  support  the  idea, 
they  balked. 

Some  doubted  such  an  instrument  could 
be  built.  But  their  strongest  objections 
were  to  its  cost.  Rice  University's  C 
Robert  O'Dell,  who  served  as  Project  Sci- 
entist from  1972  to  1983,  remembers  a 
common  sentiment:  '‘Wouldn't  it  be  a lot 
better  for  us  to  spend  all  this  money  on  a 
row  of  twenty-seven  200-inch  telescopes ?" 
For  his  part,  O'Dell  had  no  doubts, 

"Clearly,  the  Space  Telescope  was  going  to 
be  the  most  important  telescope  built 
during  my  lifetime,"  he  says.  "And  I still 


The  Soul  of  a New  Machine:  FOQWFPC  and  CCD's 

Swathed  in  reflective  Mylar  and  weighing  in  at  25,500  pounds,  the  43- 
foot-long  $1.5  billion  Hubble  Space  Telescope  is,  with  the  possible  exception 
of  the  biggest  particle  accelerators,  the  most  complex  scientific  instrument 
ever  built.  To  appreciate  the  precision  of  HSFs  construction,  one  need  only 
consider  its  main  mirror,  a 94-inch  Lifesaver  of  fused  silica  built  around  an 
"egg -crate"  silica  lattice  to  save  weight.  More  than  two  years  of  computer- 
ized grinding  and  polishing  produced  a reflecting  surface  accurate  to  within 
two  millionths  of  an  inch  of  the  ideal  mathematical  shape.  Coated  with  alu- 
minum to  reflect  visible  and  ultraviolet  light,  it  is  the  most  perfect  large  opti- 
cal mirror  ever  made. 

The  mirror  is  the  heart  of  HST,  but  the  rest  of  the  telescope  is  no  less  re- 
markable. A superb  mirror  would  be  worthless  without  an  equally  exacting 
support  structure  to  hold  it  in  place.  Engineers  created  a truss  out  of 
graphite-epoxy  resin  that  is  so  resistant  to  expansion  that  the  telescope  will 
remain  in  focus  even  when  HST  drift's  from  frigid  orbital  night  into  fierce  sun- 
light, But  the  greatest  single  technical  challenge  was  the  pointing  system, 
whose  accuracy  is  nothing  short  of  staggering. 

To  appreciate  the  pointing  system,  first  consider  the  smallest  detail  Space 
Telescope  will  be  able  to  resolve  in  visible  light:  one  tenth  of  an  arc  second 
(in  other  words,  1/36,000  of  a degree).  That's  the  equivalent  of  a person  in 
New  York  being  able  to  distinguish  between  the  left  and  right  headlights  of 
a car  in  Los  Angeles.  HST  s pointing  system  will  be  called  upon  to  turn  the 
25,500-pound  telescope  and  aim  it  within  a hundredth  of  an  arc  second  of 
any  point  in  the  sky,  and  maintain  that  position  to  within  seven  thousandths 

continued  on  page  56 
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believe  that’s  true/" 

By  the  early  1970s,  what  O'Dell  calls 
"this  ill-defined,  uncooperative  group 
cal  I ed  t he  as  cron om  ical  com  muni  ty"  I lad 
come  around*  And  the  technology  to  build 
Space  Telescope  was  coming  into  existence. 
But  the  task  of  making  Spitzers  vision  a 
reality  proved  to  be  one  of  the  most  diffi- 
cult, drawn-out  struggles  in  the  history  of 
science.  In  the  pose -Apollo  era  of  austere 
space  budgets,  selling  a big-ticket  pro- 
gram like  Space  Telescope  to  Congress  was 
not  easy.  Spitzer  and  John  Bahcall  of  the 
Institute  lor  Advanced  Studies  assumed 
the  unaccustomed  role  of  po!  it  ical  lobby- 
ists, defending  the  telescope  against  die 
recurring  question,  "Haven't  we  spent 
enough?"  O’Dell  credits  the  efforts  of 
Bahcall  and  other  astronomers  with  get- 
ting the  project  safely  through  the  many 
fonefing  crises  in  its  history*  "Had  it  just 
been  one  of  the  NASA  field  centers 
advocating  it,”  he  says,  "we  would  have 
been  dead." 

Selling  the  telescope  to  Congress  turned 
out  to  be  much  easier  chan  keeping  NASA 
from  canceling  it.  With  the  shuttle  pro- 
gram consuming  most  of  the  agency’s  lim- 
ired  allocations.  Space  Telescope  was  a 


stepchild.  In  late  1975  NASA  deleted  the 
project  from  its  budget  requests,  and  the 
astronomers  mounted  their  most  deter- 
mined campaign  of  all.  Bahcall  says  one 
NASA  official  (now  no  longer  with  the 
agency)  threatened  him  with  cutting 
support  to  astrophysics  research  if  he 
didn't  call  off  the  fight. 

It  was  hardball Bahcall  says,  "Bur  for- 
tuna  rely,  1 didn't  listen  and  neither  did 
my  colleagues*  And  in  fact,  now  this  pro- 
gram is  the  jewel  in  the  crown  of  NASA's 
Scientific  offering,” 

Like  other  Big  Science  projects,  the 
Hubble  Space  Telescope  (HST)  has  been 
beset  by  countless  delays.  Problems  with 
getting  the  spacecraft  ready  for  flight 
forced  its  launch,  originally  slated  for 
1983,  to  be  postponed  until  late  1986* 

The  Challenger  explosion  added  more  than 
three  years  to  the  wait.  But  the  down  time 
turned  out  to  be  a blessing  in  disguise;  a 
number  of  serious  problems  came  to  lighr 
during  the  delay,  including  a realization 
chat  the  spacecraft  would  require  more 
p>wer  than  expected.  Tests  showed  that 
after  a few  years  in  orbit,  once  the  solar 
arrays  and  batteries  had  beg  tin  to  degrade, 
there  wouldn’t  be  enough  power  available 
for  a full  program  of  observations.  Project 
engineers  took  advantage  of  the  extra  time 
to  replace  the  arrays  with  newer,  more 
efficient  models,  and  substituted  newly 
developed  nickel -hydrogen  batteries  for 
t he  con ven  c io n al  n ic  kel  -cad  m i u m ones 
originally  installed. 

When  HST  finally  does  teach  orbit  this 
spring,  scientists  on  the  ground  will  have 
their  hands  full  running  this  observatory 
in  space.  Scheduling  the  planned  observa- 
tions will  be  a continuing  headache.  Three 


hundred  miles  up,  whizzing  around  the 
Earth  once  every  95  minutes,  HST  will 
face  a constantly  changing  configuration  of 
obstacles  between  ic  and  the  heavens  — 
namely  the  Sun,  the  Earth  and  the  Moon, 
Direct  sunlight  would  destroy  the  tele- 
scope's instruments,  which  are  designed 
for  objects  billions  of  times  fainter.  So  an 
onboard  computer  will  have  strict  instruc- 
tions not  to  point  the  telescope  closer  than 
50  degrees  from  the  Sun  (eventually  plan- 
ners hope  to  get  within  40  degrees  so  that 
HST  can  observe  Venus).  Sunlit  portions 
of  the  Earth  and  Moon  won’t  cause  dam- 
age, but  would  ruin  an  exposure.  So  the 
telescope  must  not  jxmic  within  5 degrees 
of  the  Moon  or  70  degrees  of  the  day  lit 
side  of  the  Earth. 

As  if  these  restrictions  weren’t  enough, 
the  telescope  will  have  to  shut  down  each 
time  it  passes  through  the  so-called  South 
Atlantic  Anomaly,  where  the  Earth's  radia- 
tion belts  dip  down  to  the  spacecraft's  alti- 
tude, It  must  also  avoid  pointing  into  the 
direction  of  flight,  where  it  would  risk 
scooping  up  stray  oxygen  atoms  from  the 
u p| Ter  atmosphere  that  would  contaminate 
the  optics. 

Only  a computer  could  handle  die  task 
of  scheduling  around  this  cosmic  obstacle 
course.  The  software  for  the  job,  called 
SOGS  (for  Science  Operations  Ground  Sys- 
tem), was  one  of  the  nasdest  problems 
HST  scientists  had  to  deal  with  during  the 
post-Chal  1 enge  r de  la  y.  Essen  dally,  t he  sc  i - 
entists  will  give  the  computer  a pool  of 
observations  they  wane  HST  to  perform 
during  a given  week,  prioritized  by  scien- 
tific importance.  The  system  will  sort 
through  the  list  to  figure  our  the  most  effi- 
cient way  of  getting  them  all  done. 
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One  of  the  things  SOGS  Inis  to  take  into 
account  is  the  time  needed  to  turn  the 
telescope  toward  a given  point  in  the  sky. 
Maneuvering  rockets  were  out  of  the  ques- 
tion for  HST’s  design — their  exhaust 
would  have  contaminated  the  instruments. 
Instead,  the  spacecraft  uses  reaction  wheels 
that  turn  it  about  as  last  as  the  minute 
hand  on  a watch;  planners  expect  anywhere 
from  5 to  20  minutes  for  HST  to  lock  onto 
each  new  target.  With  that  in  mind,  and 
given  the  fact  that  targets  could  be  sprin- 
kled all  over  the  sky,  the  task  of  maximiz- 
ing the  telescope’s  efficiency  is  so  complex 
that  another  computer  will  first  perform  a 
"coarse”  sorting,  then  hand  over  the  results 
to  SOGS.  Herculean  effort  by  program- 
mers has  refined  the  software  to  the  point 
where  it  should  take  only  a few  hours  to 
build  a week-long  calendar 

Given  the  complexity  of  their  task, 
ground  controllers  scheduling  HST  will 
have  to  work  very  hard  to  get  up  to  maxi- 
mum efficiency.  For  the  first  year  or  so, 
the  telescope  probably  will  be  observing 
only  20  percent  of  the  time,  but  planners 
hope  to  reach  a maximum  of  3 5 percent, 

If  that  seems  disappointing,  its  actually 
no  worse  than  the  situation  at  many 
ground-based  observatories,  which  have 
to  contend  with  clouds,  moon  light  and, 
of  course,  bad  seeing. 

As  HST  goes  about  its  business,  turning 
slowly  from  galaxy  to  nebula  to  quasar, 
ground  controllers  will  occasionally  be 
called  on  to  meet  the  demands  of  "target 
of  opportunity"  users  like  Harvard  as- 
tronomer Robert  Kirshner,  who  plans  to 
use  the  telescope  to  study  supernovas.  As 
soon  as  he  receives  word  that  a new  one 
has  been  seen  from  Earth,  he  says  he’ll  be 


on  the  phone  to  the  schedulers:  l ley, 
guys — Remember  that  target  of  opportu- 
nity proposal  you  approved  three  years 
agor"  Now  1 want  to  cash  that  check." 
Kirshner  hopes  that  the  telescope  would 
zero  in  on  the  newly  found  supernova 
within  a day  or  so. 

To  say  the  lease,  observing  time  on  HST 
will  be  a precious  commodity.  About  80 
astronomers  who  gave  a decade  or  more  of 
their  lives  to  designing  the  telescopes  in- 
struments were  long  ago  named  Guaran- 
teed Time  Observers.  In  1983,  char  select 
group  got  together  for  a meeting  they 
called  "Dividing  Up  the  Universe." 

' It  was  done  all  in  the  spirit  of  friendli- 
ness," Da  heal  I says.  'I  think  there  were  a 
lot  of  people  who  thought  it  wouldn’t 
work  and  that  people  would  run  away 
fighting,  vowing  never  to  speak  to  each 
other  again.  And  the  exact  opposite  hap- 
pened. Not  because  human  nature  doesn't 
have  an  element  of  greed  in  it,  but  because 
we  all  see  that  there  is  so  much  scientific 
gold  with  the  Space  Telescope.'  O'Dell 
headed  the  selection  procedure,  and  so 
wasn’t  eligible,  but  the  others  chipped 
in  and  gave  him  some  of  their  time.  He 
then  turned  around  and  gave  half  of  it 
to  Lyman  Spiczer, 

Things  were  a bit  more  competitive 
when  it  came  time  for  the  rest  of  the  astro- 
nomical community  to  submit  proposals 
to  the  Space  Telescope  Science  Institute 
(STSd);  only  one  in  nine  were  selected. 
One  astronomer  who  won  time  on  HST 
won't  give  any  details  on  what  he's  going 
to  do  with  it,  beyond  what  he  wrote  in  his 
proposal.  “I  don’t  need  the  competition," 
he  says.  "I  hate  to  be  hard-nosed  about  it, 
but  that's  the  way  I have  to  play  the  game. 


I'm  in  a very  competitive  business." 

That  is  quite  evident  when  the  subject 
of  releasing  images  to  the  public  comes  up. 
Eric  Chaisson,  Director  of  Educational  and 
Public  Affairs  at  the  STSd,  has  raised 
more  than  a few  hackles  with  a plan  to 
have  HST  rake  a series  of  pictures  for  pub- 
lic release  shortly  after  its  launch.  A single 
days  worth  of  press  releases,  Chaisson  says, 
might  include  views  of  the  core  of  the  An- 
dromeda galaxy,  a globular  star  cluster  sus- 
pected to  harbor  a black  hole,  a couple  of 
ocher  deep-sky  oddities,  and  just  for  good 
measure,  views  of  Jupiter,  Saturn  and  their 
moons  Io  and  Titan.  But  STScl  policy  calls 
for  a one-year  waiting  period  while  HST 
astronomers  analyze  their  data. 

"Even  though  [HST  would  be}  up  there 
and  the  public  would  perceive  it  as  un- 
locking the  secrets  of  the  universe,  the)' 
were  simply  going  to  hold  the  public  at 
bay  for  months,"  Chaisson  says.  I thought 
that  would  be  an  absolute  public  relations 
disaster,  and  wrong  for  many  reasons." 

But  while  it  may  help  public  relations, 
it  could  strain  relations  with  some  project 
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sc  ientists*  The  problem,  says  one  researcher 
who  did  not  wish  to  be  quoted,  is  that 
everything  on  Ghaisson's  list  is  something 
an  astronomer  has  spenr  years  preparing  to 
observe*  " 1 f he  immediately  re  I eases  that 
information,  every  joe  Blow  can  read  the 
newspaper,  get  out  his  plastic  ruler,  and 
scoop  you.  And  there  are  people  out  there 
like  that."  (In  this  case,  of  course,  “Joe" 
would  have  to  have  at  lease  a graduate 
student’s  knowledge  of  astronomy.) 

“We  re  trained  to  be  paranoid  as  as- 
t rc  >nc > mens , ’ ' Q la  i sson  says . ’ 1 Becai ise  t h ere  s 
no  bronze  and  silver  medals  in  science.  Ev- 
erything is  placed  on  premier,  number  one 
release  or  credit/’ 

srmnomers  call  it  “hirst  Light"— 
the  moment  when  a new  telesco|x 
is  turned  on  the  heavens  for  the  first  time. 
For  Space  Telescope  it  will  come  about  a 
day  after  the  spacecraft  is  released  from  the 
cargo  buy  of  space  shuttle  Discovery  in  late 
April  A hinged  door  on  the  front  of  the 
telescope  tube  will  swing  open,  and  for  the 
first  time  starlight  will  fall  on  the  main 


mirror.  Then  the  orbiting  observatory  will 
begin  three  months  of  focusing  checks, 
pointing  tests  and  instrument  checkouts 
by  controllers  at  STScl  and  NASA’s  God- 
dard Space  Flight  Center.  It  will  take 
weeks  for  the  spacecraft  to  shed  the  last 
vestiges  of  air  and  water  vapor  to  the  vacu- 
um of  space.  Until  then,  controllers  will 
avoid  turning  on  most  of  the  telescope’s 
instruments,  which  require  very  high  volt- 
ages, to  avoid  the  risk  of  electrical  arcs. 

The  exception  is  the  Wide  Field/Plane- 
tar) Camera  (see  the  description  of  HST  s 
instruments  on  page  26),  About  four  days 
a ft  er  I au  nch , w h i I e e ng  i neers  a re  c hec  k i ng 
the  telescope's  focus,  the  spacecraft  will  be 
aimed  at  a rather  boring  star  cluster  called 
NGC  5552  in  the  southern  constellation 
of  Carina,  and  the  WFPC  will  snap  HST's 
first  test  images.  Even  these  should  be 
some t h i ng  of  a revel  at  i on , Ca  I tec  h s J a mes 
Westphal,  team  leader  for  the  WFPC,  says, 
"Our  first  reaction  is  going  to  be,  Did  we 
[mint  the  thing  in  the  right  place?'  Its  not 
going  to  look  right.  There's  going  to  be 
j ill  ions  of  stars  we  haven't  seen  before." 


Far  left:  How  HST  wilt  sharpen  our 
view:  a simulated  view  of  a distant 
cluster  of  galaxies  as  seen  with 
ground-based  telescopes  (left),  and  the 
same  cluster  as  it  would  be  seen  by 
the  Space  Telescope*  Left:  Within 
HST’s  reach:  hundreds  of  galaxies 
congregated  in  the  Hercules 
supercluster,  some  420  million  light 
years  away*  Everything  in  this  photograph 
that  isn’t  a pinpoint  is  a galaxy. 


In  fact,  the  Space  Telescope  should  see 
plenty  that  astronomers  haven’t  seen  be- 
fore. While  HST  can  resolve  details  as 
small  as  a tenth  of  an  arc  second  in  visible 
light  (an  arc  second  is  1/3,600  of  a degree, 
and  the  entire  horizon  span:  1 80  legrees), 
it  will  do  even  better  at  ultraviolet  wave- 
lengths, where  the  telescopes  Faint  Object 
Camera  will  be  able  to  see  details  nearly 
twice  as  small.  The  numbers  are  even  more 
impressive  when  you  realize  that  they 
apply  to  both  the  horizontal  and  vertical 
dimensions  of  a picture.  To  say  that  HST's 
better  than  one-tenth  arc  second  resolution 
represents  a tenfold  increase  over  ground- 
o sed  performance  is  deceptive;  in  fact,  it 
will  yield  100  times  more  detail. 

Nor  will  it  have  to  contend  with  mast 
of  the  scattered  light  from  the  weak 
permanent  aurora  in  the  tenuous  upper 
atmosphere  that  astronomers  call  the  air- 
glow.  Even  on  the  darkest  mountaintop 
this  glow  is  bright  enough  to  drown  out 
very  faint  stars  and  galaxies.  But  stars  will 
appear  UK)  times  more  compact  to  HST 
than  they  do  from  Earth,  and  a smaller 
image  means  less  airglow  when  you  zoom 
in  on  it.  As  a result,  HST  will  be  able  to 
detect  objects  ten  times  fainter  than  any 
Earth  bound  telescope,  and  in  many  cases 
that  means  ten  times  more  distant. 

Using  a telescope  that  can  peer  billions 
of  light  years  into  space  to  explore  our  own 
Solar  System  seems  a little  like  aiming  a 
backyard  telescope  at  the  apartment  build- 
ing across  the  street.  But  plane tary  scien- 
tists are  very  anxious  to  see  what  the  Space 
Telescope  will  show  them,  Jupiter  will  be 
the  most  popular  target,  according  to 
Caltech's  James  Westphal.  Pictures  of 
die  giant  planet  made  with  the  Wide 
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One  of  HST’s  most  mysterious  targets, 
the  galaxy  M87,  may  harbor  a black 
hole  the  size  of  the  Moon  at  its  center. 
Above:  the  galaxy's  unexplained  jet. 


Field/ Planetary  Camera  will  show  as  much 
detail  as  those  taken  by  the  Voyager  probes 
about  five  days  before  closest  approach, 
which  is  ten  times  better  than  we  can  usu- 
ally do  from  the  ground.  Scientists  who 
study  Jupiter’s  atmosphere  will  use  HST  to 
chart  the  planets  changing  cloudscape  on 
an  ongoing  basis,  building  up  a valuable 
record  of  Jovian  atmospheric  behavior. 

When  it’s  not  looking  at  Jupiter,  HST 
should  be  able  to  glimpse  volcanoes  erupt- 
ing on  the  planet’s  moon  Io.  Ultraviolet 
observations  of  Saturn  may  reveal  cloud 
patterns  beneath  the  icy  hazes  of  the  upper 
atmosphere,  something  Voyager  could  not 
do.  The  telescope  also  will  monitor  Venus’ 
atmosphere  and  view  the  unknown  hemi- 
sphere of  Mercury,  the  side  not  pho- 
tographed by  Mariner  10. 

At  long  last,  we  will  even  glimpse  the 
face  of  distant  Pluto.  But,  as  Westphal 
says,  “Its  going  to  be  a little  disappoint- 
ing.’’ HST’s  images  will  show  Pluto  about 
as  well  as  we  see  the  full  Moon  with  the 
unaided  eye,  "enough  so  that  we  can  see 
that  there  are  different  colors  on  different 
parts  of  it,  which  we’re  pretty  sure  there 
are.’’  Whatever  they  lack  in  detail,  the  im- 
ages will  still  help  answer  some  important 
questions  about  Pluto  and  its  satellite.  As- 
tronomers will  be  able  to  use  Space  Tele- 
scope images  of  Pluto  and  its  moon 
Charon  to  track  the  pair’s  motions,  which 
should  allow  them  to  compute  masses  and 
densities  for  both  objects.  That,  in  turn, 
will  allow  them  to  infer  their  composi- 
tions: icy,  rocky,  or  both.  But  on  the  vast 
scale  of  the  universe,  the  distance  from 


here  to  the  edge  of  the  Solar  System 
doesn’t  even  register.  The  Space  Telescope’s 
real  hunting  ground  is  far  beyond  our  little 
neighborhood,  out  in  deep  space. 

One  of  HST’s  more  familiar  targets  will 
be  the  Orion  nebula,  that  glowing  flower 
of  gas  and  dust  that  is  a favorite  of  back- 
yard observers.  The  nebula  is  of  great  in- 
terest to  professional  astronomers  because 
it’s  thought  to  be  a place  where  stars  are 
being  born.  The  nebula  is  rich  with  detail, 
some  of  it  beyond  the  ground-based  seeing 
limit  on  even  the  best  observing  nights. 

For  Bob  O’Dell,  the  thought  of  turning 
the  Space  Telescope  on  this  stellar  nursery 
triggers  awe  even  now.  "I  just  wonder 
what  it’s  going  to  look  like  at  ten  times 
better  resolution,’’  he  says.  "I  think  we’re 
going  to  see  a new  object.’’  O’Dell  also 
wants  to  look  at  two  other  well  known 
nebulae,  the  Owl  Nebula  and  the  Dumb- 
bell Nebula.  He  thinks  there  may  be 
active  comets  floating  within  them,  and  he 
wants  to  see  if  the  Space  Telescope  can  find 
them.  That’s  something  Westphal  calls 
“sporty,”  but  still  worth  a try:  “I  wouldn’t 
dissuade  anybody  from  doing  almost  any- 
thing with  HST,  because  we  know  so  little 
about  what  we’re  going  to  see.” 


There  are  some  things  the  telescope 
won’t  do,  like  photographing  features  on 
the  surface  of  another  star.  A black  hole, 
of  course,  would  emit  no  light  for  HST  to 
detect,  but  astronomers  are  unsure  whether 
they  might  spot  the  glowing  disk  of  mat- 
ter thought  to  encircle  it.  One  of  the  fond- 
est hopes  for  HST  is  that  it  will  detect 
planets  circling  other  suns.  At  the  very 
least,  the  images  should  let  astronomers 
measure  a nearby  star’s  motion  with 
enough  accuracy  to  detect  wobbles  caused 
by  the  gravitational  pull  of  a Jupiter-sized 
planet.  But  actually  photographing  a 
world  in  another  solar  system  may  be 
beyond  the  Space  Telescope’s  grasp. 

Within  our  Milky  Way  galaxy,  HST’s 
instruments  will  provide  new  portraits — 
photographic,  spectroscopic  and  other- 
wise— of  the  whole  stellar  menagerie,  in- 
cluding double  stars  that  steal  matter  from 
one  another  by  gravitation,  neutron  stars 
that  spin  hundreds  of  times  a second  and 
dwarf  stars  so  small  and  faint  they  barely 
qualify  as  stars  at  all. 

Even  our  most  basic  understanding  of 
how  stars  evolve  should  take  a leap  forward 
when  HST  turns  its  gaze  on  the  globular 
clusters  that  hover  beyond  the  plane  of  the 


30  FINAL  FRONTIER 


MO  AO 


Right:  The  Space  Telescope  could 
tell  us  it  quasars  Tike  3C  275-1  (the 
brightest  object  in  this  false-color  image) 
are  the  ancestors  of  modern  galaxies. 
Far  right:  HST's  main  mirror,  the  most 
perfect  of  its  size  ever  made. 


Milky  Way,  each  containing  between 
20,000  and  a million  stars.  Globular  dus- 
ters have  long  been  a favorite  target  for 
stellar  evolution  studies,  for  the  simple  fact 
that  all  the  stars  in  them  are  the  same  dis- 
tance away.  With  distance  effects  removed, 
astronomers  can  determine  the  stars1  rela- 
tive brightness  with  much  greater  certain- 
ty. If  one  member  of  the  group  appears 
dimmer  than  another,  it  really  is.  But 
globulars  are  so  crowded  with  stars  char 
we  have  only  been  able  to  study  their  out- 
skirts. HSTs  ability  to  see  stars  as  pin- 
points will  alleviate  crowding,  allowing 
astronomers  to  survey  the  scars  in  the  heart 
of  a cluster  for  the  first  time. 

ne  of  the  greatest  single  leaps  in 
our  understanding  of  the  cosmos 
came  in  1923,  when  the  American  as- 
tronomer Edwin  Hubble  succeeded  in 
photographing  stars  within  what  was  then 
called  the  Andromeda  nebula.  At  the  time, 
"spiral  nebulae"  were  thought  to  be  swirls 
of  gas  within  our  own  galaxy  Hubbles 
photographs  showed  that  they  were  in  fact 
other  galaxies,  separate  island  universes. 

Although  Andromeda  is  the  closest 
major  galaxy,  at  a distance  of  two  million 
light  years,  most  of  its  estimated  300  bil- 
lion stars  escape  our  scrutiny.  It  s as  if 
we 're  looking  out  at  the  next  town, 
certain  that  people  live  there  but  unable 
to  learn  anything  about  their  ages,  profes- 
sions and  activities. 

The  orbiting  telescope  named  for 
Edwin  Hubble  will  be  able  to  resolve  stars 
within  Andromeda  easily.  Astronomers 
will  be  able  to  take  a thorough  census  of 
Andromeda's  "residents"  for  the  first  time, 
continued  on  page  52 


The  Great  Observatories 

In  the  minds  of  NASA  planners,  the  Hubble  Space  Telescope  is  not  the  last 
word  in  space-based  astronomy,  but  merely  the  first  in  a fleet  of  "Great  Ob- 
servatories." Current  plans  call  for  HST,  which  "sees"  in  visible  and  ultravio- 
let light,  to  tie  followed  within  the  decade  by  three  more  orbiting  tele- 
scopes— the  Gamma  Ray  Observatory,  Advanced  X-Ray  Astrophysics  Facility 
and  Space  Infrared  Telescope  Facility.  Together,  these  Great  Observatories 
will  give  us  a detailed — and  nearly  complete— new  picture  of  the  universe. 

By  studying  an  object  in  different  wavelengths  of  light,  astronomers  can 
gain  a fuller  understanding  of  its  composition,  behavior  and  history.  With  all 
four  Great  Observatories  up  and  running,  astronomers  will  be  able  to  look 
at  a nearby  galaxy,  for  example,  and  detect  ultraviolet  radiation  from 
newly  forming  stars,  gamma  and  x-rays  from  dying  stars  and  Infrared 
radiation  emanating  from  low-energy  molecular  clouds.  The  combmatron 
of  data  is  what  will  help  astronomers  determine  the  galaxy's  current 
stage  of  evolution. 

Like  HST,  all  the  Great  Observatories  will  have  long  lifetimes  in  orbit, 
with  instruments  designed  to  be  serviced  and  upgraded  by  visiting  astro- 
nauts. Each  represents  a tenfold  improvement  in  viewing  power  in  their 
region  of  the  spectrum,  and  together  they  will  detect  7 5 percent  of  the 
energy  coming  from  objects  in  space.  Only  the  microwave  background 
and  cosmic  ray  regions  of  the  spectrum  will  not  be  covered.  These  are  the 
domains  of  other  satellites. 

Beginning  with  this  year's  launch  of  HST  and  the  Gamma  Ray  Observato- 
ry, NASA  scientists  expect  the  Great  Observatories  to  be  in  space  for  a total 
of  25  years,  with  a five-year  overlap  of  simultaneous  operation.  Second- 
generation  telescopes  akin  to  the  Hubble  Space  Telescope  are  already  in  the 
conceptual  stages. 

Launch  of  the  Gamma  Ray  Observatory  is  now  scheduled  for  the  STS-37 
space  shuttle  mission  in  June,  The  GRO,  which  costs  $650  million,  will  detect 
intermittent  and  steady  sources  of  gamma  rays  from  some  of  the  most  ener- 
getic objects  in  the  universe,  including  colliding  galaxies,  supernova  explo- 
sions and  neutron  stars. 

Built  to  operate  for  two  years  but  with  an  expected  lifetime  of  up  fo  a 
decade,  the  spacecraft  will  carry  four  instruments  and  will  conduct  an  all-sky 
survey  for  about  a year  before  turning  to  study  specific  objects. 

Following  in  its  footsteps  will  be  the  Advanced  X-Ray  Astrophysics  Facility, 

continued  on  page  60 
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^3  he  lunar  observatory  loomed  up  quickly 

in  the  slightly  foreshortened  landscape.  In  the  bright  sunlight,  the  Moon's  surface  was  an  ashen  gray t 
but  here  in  the  lunar  twilight  there  were  more  tans  and  browns.  The  rim  of  the  crater  that  housed  the 
telescope  me  up,  the  top  of  it  cut  off  by  the  upper  faceplate  gasket  in  his  helmet  Clutching  an  eyepiece  in 
one  gloved  hand [ he  slipped  the  metallic  entry  card  into  the  door  slot  with  the  other.  There  were  so  many 
stars  in  the  coal-dust  sky  that  the  patterns  of  the  constellations  seen  from  Earth  uwe  beyond  recognition , 
He  left  Moonboot  prints  on  the  dusty  floor  of  the  observatory  as  he  made  his  way  otw  to  the  telescope... 


A nice  image,  but  probably  not  the  way  it  will  be. 

Astronomers  of  the  21st  century  may  indeed  spend  their  nights  observing  with  tele- 
scopes on  the  Moon,  but  the  observers  themselves  are  likely  to  be  back  on  Earth,  scaring  at 
a computer  screen,  munching  on  a Big  Mac,  feet  propped  on  a desk.  Gone  are  the  days 
when  astronomers  left  pieces  of  eyelid  on  the  cold  metal  of  an  eyepiece  in  a frozen  dome. 
Sophisticated  electronics  systems  have  changed  the  state  of  the  art. 

Still,  the  quest  for  ever  more  detailed  images  of  faint  and  distant  astronomical  objects  re- 
mains essentially  unchanged.  And  that  quest  will  lead  inevitably  ro  the  surface  of  the  Moon, 
which,  according  to  a 1986  NASA-sponsored  workshop,  is  "very  possibly  the  best  location 
within  the  inner  Solar  System  from  which  to  perform  front-line  astronomical  research,” 

Today  that  front  line  is  in  Earth  orbit.  The  Hubble  Space  Telescope  and  NASA's  other 
"Great  Observatories"  (see  page  24)  will  have  a clear  new  view  of  the  Universe  from  above 
the  Earths  atmosphere,  which  blurs  fine  detail  and  blocks  out  most  of  the  infrared,  x-ray, 
gamma  ray  and  other  forms  of  elec  rromagne  tic  energy  raining  in  from  distant  objects. 

But  is  that  enoughs  Many  astronomers  don't  think  so.  Hubble  gains  resolution — the 
ability  to  see  fine  detail — by  virtue  of  being  above  the  atmosphere,  but  it  is  not  large  by 
the  standards  of  todays  ground-based  instruments.  If  you  want  to  collect  more  light  and 
see  greater  detail,  you  need  bigger  telescopes.  And  to  image  very  faint  objects,  you  need 
longer  "integration"  times  where  a detector  can  soak  up  photons  from  a distant  source  for 
many  hours  at  a time,  uninterrupted. 

"Hubble  and  near- Earth  orbit  are  the  only  game  in  town  right  now,"  says  Harlan  Smith 
of  the  University  of  Texas'  McDonald  University.  "But  it  is  a very  difficult  and  very  expen- 
sive and  very  frustrating  type  of  place  to  have  to  work," 

Smith  points  out  that  in  low  orbits  the  Sun  rises  every  45  minutes  or  so,  limiting  a tele- 
scope s view  and/or  observing  time.  Furthermore,  the  Earth  fills  half  the  sky,  which  blocks 
the  view  even  more.  Corrosive  atomic  oxygen  in  the  thin  upper  atmosphere  presents  a 

There's  one  place  even  better  than  Earth  orbit  to  put  a telescope, 
and  that's  the  Moon.  By  Robert  M.  Powers 
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Large  radio  dish  antennas  would 
be  mounted  inside  the  hollows 
of  lunar  craters,  while  smaller 
steerable  antennas  could  be 
built  without  the  heavy  support 
structures  necessary  on  Earth. 


problem,  and  anything  that  flakes  off 
or  "out-gasses”  from  the  telescope  orbits 
along  with  k,  which  could  create  an  artifi- 
cial “atmosphere.”  High  geosynchronous 
orbits  are  better,  but  the  energy  required 
to  put  a large  telescope  22,000  miles  above 
the  Earth  is  not  far  from  that  required  to 
send  it  to  the  Moon. 

“If  you’re  going  to  truck  a telescope 
that  far,"  says  Smith,  “why  not  go  a little 
bit  farther?  If  you  tried  to  write  out  a pre- 
scription for  an  ideal  place  for  an  observa- 
tory, all  the  things  you  might  want,  you 
could  hardly  do  better  than  the  Moon.” 

Astronomy  from  the  Moon  is  an  idea 
that  dates  at  least  to  the  time  when  lunar 
rockets  were  still  drawn  with  needle-noses. 
The  nearly  perfect  vacuum  offers  nearly 
I>erfect  “seeing”  for  any  telescope,  with 
no  atmosphere  to  blur  the  image.  Even 
during  the  lunar  day,  the  sky  is  dark,  free 


from  atmospheric  scattering. 

The  Moon  has  lots  of  real  estate  for 
putting  up  large  telescope  arrays,  and  irs 
slow  rotation — the  lunar  “day”  and 
’night"  each  last  two  weeks — means  that 
structures  would  heat  and  cool  slowly,  and 
therefore  hold  their  shape  better.  Simple 
sunshades  would  protect  the  telescope 
during  the  day 

The  long  lunar  nights  and  days  offer 
another  great  advantage.  An  observer  on 
the  Moon  could  watch  an  object  continu- 
ously for  fourteen  days  before  it  set  below 
the  horizon.  That  allows  fantastically  long 
exposure  times  for  any  telescope.  Ground- 
based  observers  have  ro  squeeze  their 
observations  into  a few  hours  between 
star-rise  and  scar-set  (and  pray  for  no 
clouds).  Hubble  is  limited  to  under  40 
minutes.  But  a telescope  on  the  Moon 
could  collect  light  from  dim,  distant 


galaxies  literally  for  days  on  end. 

There  are  still  more  advantages  for 
lunar-based  astronomy  The  Moon  is  more 
stable  than  the  Earth  seismically,  with  an 
average  of  500 — mostly  minor — Moon- 
quakes  per  year,  as  opposed  to  10,000  on 
Earth.  The  lunar  far  side  is  shielded  from 
terrestrial  radio  “noise,”  which  makes  it 
ideal  for  radio  astronomers  and  SETI 
(Search  For  Extraterrestrial  Intelligence) 
observers,  who  fear  that  the  growing  din  of 
radio  interference  produced  on  Earth  will 
drown  out  faint  signals  from  elsewhere  in 
the  Universe.  The  Moon  is  a good  place  to 
detect  neutrinos  and  gravity  waves,  both  of 
which  are  about  as  easy  to  find  on  Earth  as 
the  Holy  Grail. 

Its  also  “luna  firma,”  A telescope  on 
the  Moons  solid  surface  would  be  easier  to 
anchor  and  to  point  than  an  instrument 
fitting  in  Earth  orbit.  Jt  could  be  built 
more  or  less  like  an  ordinary  terrestrial 
telescope,  only  much  lighter  and  less  mas- 
sive in  the  Mtxin  s one-six rh  gravity.  Tele- 
scopes on  Earth  require  mass  both  to  resist 
structural  bending  and  to  remain  absolutely 
stable  in  even  slight  breezes.  On  the  Moon, 
there's  no  wind. 

"‘Actually,"  says  Harlan  Smith,  “a  lunar 
telescope  would  be  a spidery,  spindly  thing 
that  looks  to  our  eyes  as  if  it  would  fall 
down  of  its  own  weight.  It  would  use 
simple  motors,  a relatively  simple  point- 
ing system.  It  would  be,  in  comparison 
to  any  sort  of  space-based  telescoj>e,  a 
cheap  instrument.” 

It  would  be  cheap  because  it  can  be 
made  light,  bur  also  because  much  of  it 
could  eventually  be  built  from  lunar  mate- 
rials: aluminum,  graphite  epoxy,  metal 
matrix  composites  and  castings  from  lunar 
rock,  Mirrors  could  even  be  made  on  the 
Moon  some  day — the  raw  material  for 
glass  is  abundant — but  the  first  lunar 
telescopes  probably  will  be  made  on 
Earth  and  shipped  to  the  Moon, 

Where  to  put  telescopes  on  the  Moon 
has  been  considered  many  times  over  the 
years.  One  1967  study  proposed  a one- 
meter  telescope  (Hubble  is  two  and  a half 
times  that  size)  at  the  lunar  south  pole  and 
one  in  the  center  of  the  far  side  to  evaluate 
the  potential  of  lunar  astronomy.  The  same 
concept  had  a twelve-person  permanent 
observatory  in  the  crater  Grimaldi,  at  the 
eastern  edge  of  the  lunar  near  side,  with  a 
batch  of  radio,  optical  and  x-ray  telescopes. 
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Most  older  ideas  about  lunar  observato- 
ries had  the  telescopes  located  close  to 
a permanent  base,  or  vice  versa.  That  is 
probably  not  necessary:  The  Space  Tele- 
scope will  work  remotely  and  might  last 
for  fifteen  years  with  only  periodic  mainte- 
nance. A lunar  telescope  could  be  just  as 
far  away  from  a Moon  base. 

According  to  Smith,  by  the  time  a lunar 
observatory  of  any  size  is  established,  fiber 
optics  technology  will  be  so  standard  that 
you  could  run  a cable  thousands  of  kilome- 
ters from  the  observatory  to  the  lunar 
base — all  the  communications  capability 
you  might  ever  want,  and  absolutely  reli- 
able. You  might  have  to  shield  it,  bur  the 
cable  itself  would  be  almost  weightless. 

What  if  a telescope  on  the  Moon  breaks 
down^  ‘ Breakdowns  don't  have  to  be  a big 
problem,”  says  Smith.  “I  don't  see  people 
walking  around  outdoors  all  the  time  on 
the  Moon,  doing  maintenance,  f think 
robotics  will  be  developed  to  the  point 
where  routine  maintenance  on  the  Moon 
will  be  performed  by  robotic  devices,” 

The  first  lunar  expeditions  of  the  next 
century  are  likely  to  begin  setting  up  ex- 
periments immediately  upon  landing, 
just  tis  the  Apollo  astronauts  did.  The  first 
telescope  would  be  followed  shortly  by 
prototypes  of  larger  instruments,  all 
tucked  into  packages  that  an  astronaut — 
or  "selenaut,"  if  you  prefer — would  haul 
over  the  lunar  landscape,  plunk  down, 
turn  on  and  leave  behind  to  operate 
automatically. 

The  key  to  a lunar  observatory  is  not 
any  one  telescope,  but  many  instruments 
with  differing  purposes.  A lunar- based 
Schmidt  Camera  would  be  the  ultimate 
in  mapping  the  Universe — its  inventory 
of  stars  and  galaxies  would  make  the 
18  million-object  catalog  produced  for 
the  Hubble  Space  Telescope  obsolete. 

Planetary  imaging  telescopes  on  the 
Moon  would  be  used  not  for  looking  at 
surface.features  (spacecraft  like  Galileo  and 
the  Mars  Observer  can  do  that  better)  but 
for  monitoring  planetary  atmospheres  on 
a daily  or  weekly  basis.  During  the  long 
lunar  days,  telescopes  could  use  "occulting 
disks”  to  block  out  the  Sun  from  an  other- 
wise black  sky — a trick  that's  difficult  to 
pull  off  with  an  orbiting  telescope  and 
pointless  to  do  in  the  bright  day  tit  skies  of 
Earth.  This  would  allow  objects  near  the 
Sun — including  Mercury,  Venus  and 


comets  in  their  most  active  phase- — 
to  be  observed  easily. 

Other  instruments  have  been  proposed 
for  the  early  years  of  humanity's  return  to 
the  Moon.  Radio  astronomers  are  prevent- 
ed from  observing  at  very  low  frequencies 
by  the  Earth  s ionosphere.  But  a large  array 
of  thousands  of  tiny  antenna  elements — 
short  wires  that  could  simply  be  laid  out 
on  several  square  miles  of  the  lunar  surface 
by  astronauts  driving  a rover — would 
act  as  a giant  low-frequency  radio  antenna 
when  connected  to  a central  computer. 
Since  astronomers  have  not  yet  explored 
the  far  end  of  the  radio  spectrum,  such 
an  experiment  could  expect  to  find 
the  unexpected. 

Another  comparatively  simple  device 
would  be  a fixed  telescope  that  uses  the 
slow  rotation  of  the  Moon  to  scan  the  sky. 
This  would  be  nothing  more  than  a pri- 


mary and  secondary  mirror,  with  an  elec- 
tronic sensor  like  a CCD  (charge  coupled 
device) — modern  astronomy's  replacement 
for  the  old-fashioned  photographic 
plate — to  do  your  imaging. 

The  first  lunar  observatories  will  be 
modest  (establishing  a base  will  probably 
take  priority  over  astronomy  at  first),  and 
will  be  competing  in  performance  with 
ever  more  advanced  Earth -based  and 
space-based  instruments. 

"But  the  ultimate  goal,"  says  Harlan 
Smith,  "is  to  get  telescopes  on  the  Moon 
so  powerful  you  couldn't  even  imagine 
building  them  on  Earth,  nor  would  you 
have  any  reason  to  do  so. " 

The  resolution  of  a telescope  is  limited 
by  its  size,  and  size  is  limited  by  the  effects 
of  gravity  (witness  the  fate  of  the  Green 
Bank  radio  telescope  in  West  Virginia, 
which  collapsed  under  its  own  weight  last 


Lunar  arrays  patterned  after  the 
Very  Large  Array  (VLA)  of  radio 
telescopes  in  New  Mexico  could 
observe  in  wavelengths  ranging 
from  radio  to  x-rays,  A linked 
system  such  as  this,  observing 
in  visible  light,  would  be  thousands  of 
times  more  powerful  than  the 
best  optical  telescopes  on  Earth. 
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Hie  implications  of  micro- 
arc second  resolution  are 
difficult  to  fathom  at  first. 
It  means,  in  principle,  that 
you  could  see  continents 
on  Earth-sized  planets 
around  nearby  stars. 

Or  features  on  Pluto  as 
small  as  an  office  building. 
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year).  In  the  quiet  of  rhe  lunar  far  side, 
huge  radio  telescopes  standing  steady  in 
the  one-sixth  gravity  of  the  Moon  will  lis- 
ten in  on  the  Universe  with  unprecedented 
sensitivity.  Still  larger  dishes  could  be 
placed  inside  lunar  craters.  The  giant 
Anecibo  radio  telescope  in  Puerto  Rico  is 
supported  by  the  natural  contours  of  a 
bowl-shaped  valley  On  the  Moon,  bowl- 
shaped  craters  are  everywhere. 

But  radio  astronomers  on  Earth  have 
found  another  way  to  beat  the  size  prob- 
lem by  using  "aperture  synthesis/  where- 
by an  array  of  many  individual  telescopes 
is  linked  together  electronically  The 
equivalent  resolving  power  is  the  same  as  if 
there  were  one  large  telescope  as  wide  as 
the  separation  between  the  elements. 

The  most  powerful  synthetic  aperture 
instrument  on  Earth  is  the  Very  Large 
Array — 27  radio  telescopes  strung  our 
in  the  desert  near  Socorro,  New  Mexico. 
There  are  plans  to  extend  the  "baseline” 
even  further  by  linking  together  radio 
dishes  stretching  from  Hawaii  to  Puerto 
Rico.  But  a far  greater  separation  could  be 
achieved  if  one  of  the  elements  of  the  array 
were  placed  on  the  Moon.  Such  an  instru- 
ment would  have  10,000  times  the  resolu- 
tion of  the  VIA,  and  would  give  radio  as- 
tronomers a powerful  new  tool  for  explor- 
ing, among  other  things,  the  energetic 
centers  of  galaxies,  including  our  own 
Milky  Way, 

VLA-type  arrays  are  envisioned  for  other 
wavelengths,  as  well.  Perhaps  the  ultimate 
in  optical  astronomy  would  be  an  interfer- 
ometry array  that  used  the  same  principles 
to  observe  in  visible  light.  Optical  interfer- 
ometry is  extremely  difficult  to  do  on 
Earth,  due  to  the  distorting  effects  of  the 
atmosphere.  And  the  precise  alignments 
required  between  individual  elements 
make  space-based  arrays  difficult,  if  not 
impossible. 

But  the  Moons  surface  offers  a stable 
anchor  tor  aligning  telescopes,  lots  of  room 
to  spread  them  out,  and  no  atmosphere.  A 
lunar  optical  array  modeled  after  the  VLA 
could  have  27  mirrors  nearly  four  feet  in 
diameter,  arranged  in  a Y shape.  Each  arm 
of  the  array  would  be  some  3 -7  miles  long. 
This  kind  of  rig,  which  would  be  unique 
to  the  Moon,  would  have  the  equivalent 
resolution  of  a fantastic  telescope  more 
chan  six  miles  in  diameter 

The  whole  thing  would  ‘nest’'  easily 


for  transport.  Shipping  weight  from  Earth: 
about  seven  tons  for  all  27  telescopes, 
roughly  equivalent  to  hauling  one  module 
to  the  Moon  base.  As  die  lunar  base  grew 
in  size  and  capability,  the  array  could  be 
extended.  Stretching  across  the  lunar  sur- 
face, probably  on  die  floor  of  a flat  crater, 
an  extended  optical  array  could  (if  the  cur- 
vature of  the  lunar  horizon  doesn't  pose  too 
great  a problem)  provide  a baseline  of 
nearly  40  miles. 

Building  such  a beast  on  the  Moon 
would  be  no  easy  task,  even  given  an 
advanced  lunar  base.  But  the  scientific 
reward  would  be  enormous.  A four- inch 
backyard  reflector  lias  a resolution  of 
about  one  arc  second  (the  sky  is  divided 
into  360  degrees  of  arc,  which  is  fun  her 
subdivided  into  minutes  and  seconds). 
That's  also  about  as  steady  as  the  Earth  s 
air  gets,  except  on  special  occasions.  But 
a large  optical  array  on  the  Moon  could 
eventually  get  resolutions  on  the  order 
of  one  millionth  of  an  arc  second, 

"I’ve  spent  a lot  of  time,"  says  Harlan 
Smith,  "thinking  about  what  micro-arc 
second  resolution  means.  It  means  if  you 
had  one  of  these  telescopes  in  San  Fran- 
cisco, you  could  study  single-celled  crea- 
tures in  New  York!" 

It  means  that  astronomers  could  crack 
star-spots,  flares  and  other  features  on  die 
surface  of  virtually  any  star,  whereas  now 
they  see  this  kind  of  detail  only  on  our 
own  Sun.  Observations  of  the  active  re- 
gions around  suspected  black  holes  would 
be  astounding.  High -resolution  radio  ob- 
servations have  measured  velocities  in  the 
centers  of  quasars  that  appear  to  surpass 
the  speed  of  Light.  The  current  belief  is 
that  this  is  an  optical  illusion  caused  by 
the  orientation  of  the  objects  relative  to 
our  line  of  sight,  but  visual  observations 
in  the  micro-arc  second  range  could  help 
find  out. 

The  implications  of  micro-arc  second 
resolution  are  difficult  to  fathom  at  first, 

1c  means,  in  principle,  that  you  could  see 
continents  on  Earth -si zed  planets  around 
nearby  stars,  out  to  a distance  of  10  or  20 
light  years.  Lunar- based  astronomy  could 
in  fact  be  the  key  to  our  study  of  “extraso- 
lar planets,"  which  are  now  only  thought 
to  exist. 

The  optical  interferometry  array  would 
probably  not  be  used  much  to  observe  in 

continued  on  page  59 
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By  the  turn  of  the  century,  astronauts  mil  have  a permanent  home  in  orbit.  But first  they  have  to  build  it. 


Most  of  the  time  it  isn't  as  strange,  as  mes- 
merizing* as  downright  terrifying  as  others 
might  think.  Yon  are  concentrating. . . deeply. 

Up  here  at  the  planet's  boundary ■ where  the  cost 
of  time  and  materials  is...  well , astronomical, 
mistakes  are  not  appreciated.  So  you  pay  atten- 
tion. Your  hands , fighting  the  pressure  in  your 
insulated  gloves,  feel  as  though  they've  done  a 
hundred finger-tip  push-ups.  Hauling  your 
400-pound  space  suit  around \ even  in  weight- 
lessness, you  work  up  sweat  by  the  quart.  It's 
all  very  reminiscent  of  the  hours  you  and  your 
fellow  astronauts  practiced  in  neutral  buoyancy 
tanks  at  the  Johnson  Space  Center. 

Building  a space  station  is  not  easy. 
Nevertheless,  being  human,  you  occasionally 
lean  out,  away  from  the  work  at  hand \ and 
look  straight  down.  That's  when  it  hits  you: 
you  ami  l in  any  water- filled  tank . but  210 
miles  above  the  Earth.  Below * in  the  black 
night  * a hundred  thunderstorms  hurst  across 
whole  hemispher  es  like  so  many  planetary  fire- 
flies, The  serene  darkness  of  the  H imalayas  is 
slashed  by  mowy  peaks  that  glisten  in  the  light 
from  the  moon  over  your  shoulder  Even  in  its 
strangest  dreams , the  human  br  ain  did  not 
evolve  to  deal  with  these  experiences . This  is  not 
sprinting  across  the  savannah  in  search  of  din- 
ner, nor' falling  apelike  from  tree  to  tree. 

Here  among  the  unwinking  stars,  it's  diffi- 
cult to  fathom  that  anything  engineered  by 
humans  could \ or  should [ exist . Yet  there  it  is, 


Freedom  — the  international  space 
station.  Haifa  million  pounds  of gleaming 
graphite  epoxy  struts  and  beams,  strung  together 
in  a u transverse  boom ” ,508  feet  long  Clinging 
crosswise  to  its  mid-section  are  four  cylindrical 
modules  — rooms  for  living  and  working  in 
space.  Along  its  bridgework  rest  instruments  for 
studying  the  Earth  and  the  stars.  At  each  end 
hang  four  solar  panels , which  provide  the  sta- 
tion with  its  electrical  power  and  give  it 
the  look  of  a giant  insect  not  quite  properly 
equipped  for  flight. 

Yet,  at  last,  it  does  fly 

r at  least,  come  the  tarn  of  the 
millennium,  a lot  of  people  are  hop- 
ing it  will. 

Whatever  the  controversies  in  these  days 
of  unrelenting  social  problems  and 
Gramm- Rudman  budget  slashing,  the 
international  space  station  Freedom  is 
arguably  the  most  dreamed  about , most 
discussed  and  most  difficult  piece  of  engi- 
neering since  the  Chinese  pooled  the  toil 
of  millions  to  construct  the  Great  Wall.  If 
NASA’s  present  schedule  holds,  the  last 
bolt  will  be  tightened  in  August  1999, 
and  a mighty  fusillade  of  champagne 
corks  will  pop  around  the  world.  By  then, 
29  teams  of  astronauts,  two  revolutionary 

By  Chip  Walter 


robots  and  uncounted  thousands  of  engb 
neers,  scientists,  bureaucrats  and  politi- 
cians in  17  countries  will  have  sweated  to 
make  it  a reality.  Meanwhile,  the  rest  of  us 
Earth  bound  taxpayers  will  have  watched 
the  station  grow  from  a tiny  point  of 
light  to  one  of  the  brightest  objects  in 
the  evening  sky. 

But  getting  to  that  day  won't  be 
easy  — the  sj^ace  station  demands  con- 
struction materials  and  assembly 
techniques  that  would  turn  even  the 
most  adept  earthbound  architects  hair 
snow  white  in  anticipation, 

'This  is,"  as  Space  Station  Operations 
Deputy  Director  James  Sisson  succinctly 
puts  it,  "a  very  complicated  business.  And 
it's  the  first  time  we've  done  it," 

The  thing  to  keep  in  mind  about 
Freedom  is  its  size.  It  isn't  much  by  Earth 
standards  — fifty  stories  — but  as  space- 
craft go,  its  a journey  into  the  twilight 
zone.  Nothing  so  immense  has  ever  been 
placed  in  orbit,  let  alone  constructed  there. 
Until  now,  large  payloads  have  gone  up 
whole  on  the  backs  of  big  boosters  after 
being  assembled  and  checked  out  in  "clean 
rooms"  on  the  ground.  Even  the  Soviet 
Mir  space  station  — which,  like  Freedom, 
is  designed  for  expansion  — rode  into 
orbit  in  one  piece  onboard  a muscle-bound 
Proton  rocket,  no  assembly  required. 
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But  when  space  engineers  plan  to  build 
a structure  that  approaches  die  size  of  two 
football  fields,  all  the  old  rules  change, 

“We  re  going  to  have  to  launch  this 
diing  in  pieces  and  put  it  together  in 
space/'  explains  Sisson.  “Every  time  you 
launch  something  and  put  it  in  orbit 
you’ve  got  a new  spacecraft.  It  has  to  func- 
tion after  it's  left  behind,  and  its  got  to  be 
stable.  So  what  we're  really  talking  about 
is  launching  in  excess  of  20  spacecraft," 

And  not  just  any  spacecraft.  The  build- 
ing blocks  of  Freedom  must  unfold  from 
the  back  of  the  shuttle  with  the  elegance  of 
a butterfly  from  its  cocoon,  then  work  to- 
gether flawlessly  as  each  new  piece  arrives. 
Dave  Walker,  a shuttle  astronaut  and  Free- 
dom’s special  manager  for  assembly,  says 
“It’s  like  building  a ship  piece  by  piece 
while  it’s  floating,  going  away  for  45  to  90 
days,  then  coming  back  to  the  work  site  to 
find  it  still  floating  where  you  left  it  — 
hopefully/’  he  adds,  “with  no  major  leaks.” 
If  die  station  doesn't  stay  afloat  while  still 
under  construction,  some  $30  billion  in 
hardware,  engineering  and  imagination 
could  tumble  out  of  control  in  an  un- 
fortunate illustration  of  Newton's  law  of 
gravity.  So  NASA  and  industry  engineers 
understandably  are  burning  up  a lot  of 
brain  cells  and  computer  chips  to  figure 
out  the  complicated  task  of  assembly. 
Computer  simulations  have  built  and 
rebuilt  the  station  in  more  shapes  and  sizes 
than  a five  year-old  with  a box  foil  ofTin- 
kertoys  could  conceive, 

“You  have  to  plan  how  you’re  going  to 
break  the  station  up  into  pieces/'  says  Bill 
Bastedo,  Freedom's  systems  analysis  chief 
“Then  you  have  to  think  about  the  order 
in  which  you  want  to  take  those  pieces  up, 


and  make  certain  everything  fits  into  the 
shuttle  correctly  — not  a trivial  issue.  Fi- 
nally, you  have  to  figure  out  whether 
you  can  actually  put  it  all  together.  Is  there 
enough  [space walking]  rime  available 
on  that  flight?  Can  the  robots  help?  Can 
we  actually  reach  something  we  need  to 
reach  so  we  can  get  it  into  place  when 
we  have  to?" 

Those  ate  the  problems.  What  are  the 
solutions?  The  current  plan  calls  for  the 
station  to  be  assembled,  manned  and  sup- 
plied over  a three-and -a- half-year  period 
between  March  1995  and  August  1999- 
The  shuttle  will  be  the  booster  of  choice 
for  all  three  tasks,  with  29  flights  in  all. 
Right  now  there  are  no  plans  for  new 
heavy-lift  launch  vehicles  to  help  out, 
which  makes  shuttle  detractors  nervous  — - 
all  of  Freedom’s  eggs  are  in  one  basket. 

The  station  will  be  built  by  40  teams 
of  two  astronauts  each,  who  will  work,  for 
the  most  part,  tethered  to  the  station  or 
the  shuttle.  There  will  be  no  place  for 
fancy  tools  or  complicated  (and  therefore 
dangerous)  assembly  techniques.  For  safety 
reasons,  time  outside  the  shuttle  will  be 
limited,  with  as  much  as  half  set  aside  for 
unforeseen  contingencies. 

Designed  to  fit  snugly  in  the  shuttle's 
cargo  bay,  each  piece  of  the  station  will  be 
a marvel  of  packaging.  Out  of  the  bus- 
sized confines  of  the  bay,  construction  crew 
after  construction  crew  will  unfold  the  sta- 
tion s trusswork  and  solar  panels,  robots 
and  living  modules,  and  the  cables  and 
supports  to  keep  it  all  together. 

To  cut  down  on  the  time  astronauts  will 
need  to  work  in  space,  two  highly  sophisti- 
cated robots  are  being  developed.  One, 
built  by  Canada  and  based  on  the  shuttles 


manipulator  arm,  is  called  the  Mobile  Ser- 
vicing System  (MSS).  The  smaller  Flight 
Telenoboric  Servicer  (FTS,  in  NASA  lingo) 
is  being  developed  in  the  United  States, 
No  other  project  has  required  such  inti- 
mate relationships  between  man  and  ma- 
chine. And  even  if  both  work  flawlessly, 
it's  going  to  be  a tough  job. 

When  the  time  comes  to  launch  the 
first  piece  of  the  station  in  the  early  spring 
of  1995,  fingernails  will  be  in  short  supply 
at  NASA  technical  centers  around  the 
country.  Inside  the  space  shuttle  will  be  a 
crew  of  seven,  including  two  assembly 
teams  of  two  astronauts  each.  Only  one 
team  at  a time  will  work  on  the  assembly, 
to  reduce  fatigue  and  time  spent  outside. 

After  three  foil  days  in  orbit,  the  first 
team  of  astronaut  hard  hats  will  double- 
check their  procedures  for  rhe  last  time 
and  prepare  to  leave  the  shuttle.  As  the 
airlock  opens,  the  Earth  below  will  spin 
silent  and  serene  — no  evidence  of  tur- 
moil, war,  famine  or  disaster.  The  view 
will  be  awesome,  but... there  will  be  this 
job  to  do. 

When  flight  number  one  arrives,  there 
will  be  no  footers  or  foundations,  no  sky- 
hook from  which  to  hang  the  station.  The 
astronauts  will  construct  the  initial  section 
of  Freedom's  spine  right  out  of  the  shuttle 
bay  as  they  stand  on  a swinging  platform 
that  allows  them  to  move  around  a pallet 
holding  the  building  blocks  of  the  truss. 
These  sections  will  be  cube  shaped,  about 
16  feet  on  a side,  assembled  from  simple 
struts  and  joints  that  resemble  giant  Tin- 
kertoys.  Astronauts  will  slip  each  strut 
into  a ball-shaped  joint,  then  snap  it  into 
place  with  a quick  turn  of  the  wrist.  No 
foss,  no  muss. 
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When  one  cube  is  finished,  the  spring- 
loaded  pallet  will  push  ic  upward.  Then, 
by  slipping  new  struts  into  the  ball  joints 
of  the  previous  cube,  the  next  one  can  be 
snapped  into  shape  and  sprung  upward  to 
make  room  for  another.  As  all  of  this  is 
being  done,  power  and  computer  cables, 
water  and  gas  lines  will  be  unraveled  and 
attached  to  the  truss  as  it  is  built. 

On  the  first  flight,  astronauts  will  work 
a total  of  about  24  hours  — six  hours  each 
— to  run  30  feet  of  miss  from  the  back 
end  of  the  shuttle  bay.  The  workload  on 
any  flight  will  never  exceed  36  hours,  ex- 
cept in  emergencies. 

In  order  to  keep  the  embryonic  station 
stable  in  orbit,  the  astronauts  will  fasten 
magnetic  dampers  to  the  trusswork  that 
push  and  pull  against  the  Earths  magnetic 
field.  They  also  will  attach,  but  not  unfurl, 
four  solar  array  panels,  and  will  add  a work 
platform  to  be  used  by  construction  crews 
on  later  flights.  All  of  these  jobs  may  be 
aided  by  the  FTS  robot,  which  would  be 
ope  rated  by  remote  control,  first  from  the 
shuttle,  then  later  from  the  station  itself, 

"We'll  probably  try  the  FTS  out  on  the 
first  flight  to  see  how  its  working/1  says 
Bastedo.  "By  the  time  the  second  flight  ar- 
rives, we  expect  to  be  using  it  regularly  to 
help  with  the  assembly,"  Exactly  how  the 
robot  will  be  used  is  still  under  discussion. 

On  flight  two  the  starboard  solar  arrays 
will  be  extended,  and  power  will  begin 
flowing  to  rudimentary  communications 
and  propulsion  systems.  The  pallet  used  to 
push  the  truss  out  of  the  bay  on  the  first 
flight  now  will  run  along  the  top  of  the 
station  s spine  like  a high-tech  coal  car. 

This  little  trolley  will  enable  subsequent 
assembly  teams  to  roll  along  the  exterior  of 


the  station,  extend  the  truss  and  play  out 
the  remaining  cable  and  utility  lines  ahead 
of  them  as  they  go  along. 

Over  the  next  year,  four  more  flights 
will  Jay  the  foundations  of  the  station. 
Every  two  or  three  months,  the  skies 
over  Cape  Canaveral  will  thunder  to  the 
sound  of  shuttles  packed  with  tanks  of 
liquid  nitrogen  and  oxygen  (portable  at- 
mosphere), a docking  mechanism  and 
propulsion  pallets  to  boost  the  station 
periodically  so  its  orbit  doesn't  decay.  Most 
importantly,  the  astronaut  assembly  crews 
will  continue  to  add  more  building  blocks 
to  the  structural  backbone  until  it  grows 
from  30  ro  300  feet. 

Finally,  on  June  15,  1996,  the  shuttle 
arrives  with  Freedom’s  first  "room"  — the 
U.S,  laboratory  module,  a 14  by  42-  foot 
cylinder  that  fits  snugly  in  the  shuttle 
cargo  bay.  At  that  point  the  station  will  at- 
tain, in  NASA's  bottomless  compendium 


See  bow  it  grows:  The  first 
section  of  Freedom  is 
scheduled  for  launch  in 
1995  (opposite  page},  The 
arrival  of  the  U.S*  lab 
module  In  1996  will  begin 
“man-tended"  operations, 
but  the  station  won’t  be 
ready  for  permanent 
occupancy  until  1997,  when 
the  crew  quarters  are 
installed.  By  August  1999, 
the  fully  assembled  Freedom 
(above)  will  have  eight 
people  onboard. 
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of  acronyms,  MTC,  or  Man-Tended  Capa- 
bility. That  means  astronauts  will  be  able 
to  work  onboard  the  station  but  not  live 
there*  attending  briefly  to  experiments 
while  the  job  of  assembly  continues 
around  them. 

Amenities  will  be  spartan,  with  no 
bunks  as  yet.  All  sleeping  and  eating  will 
be  done  in  the  familiar,  if  cramped,  con- 
fines of  the  shuttle.  But  astronauts  will  be 
able  to  work  onboard  the  station  in  their 
shirt  sleeves,  and  the  commute  won't  be 
long  — no  more  than  a float  through  the 
airlock  linking  the  shuttle  to  Freedom. 
When  the  shuttle  leaves,  low -gravity  ex- 
periments dealing  with  everything  from 
hydroponics  to  materials  processing  will 
be  left  behind  to  "cook"  for  two  or  three 
months,  unattended  and  undisturbed, 
until  the  next  flight  arrives. 

With  Man -Tended  Capability,  the  Unit- 
ed States  will  at  hist  have  a place  to  per- 
form long-term  experiments  in  orbit  — 
something  the  Soviets  have  had  for  years  in 
the  Mir  space  station.  Now  the  real  guts  of 
the  station  begin  to  arrive.  On  flight  nine, 
with  the  help  of  the  FT5  and  ics  fellow 
robot,  the  Canadian  Mobile  Servicing  Sys- 
tem — - which  by  this  time  is  shuttling 
along  the  completed  central  truss  — astro- 
nauts will  attach  two  of  the  station's  re- 
source nodes.  These  arc  small  pressurized 
cylinders,  22  by  15  feet,  that  act  as  com- 
mand and  control  centers  for  the  station's 
propulsion,  tracking  and  guidance  sys- 
tems, and  also  as  die  passageways  between 
the  four  large  modules. 

Altogether  there  will  he  four  of  these 
nodes,  one  at  each  end  of  the  two  U.S. 
modules.  Two  of  the  four  will  be  out- 
fitted with  a cupola'  that  protrudes  into 


space  — -one  facing  Earth,  the  other  facing 
the  rest  of  the  universe.  Crewmembers  in- 
side the  cupola  will  have  an  eight-window, 
360-degree  view  — die  mosr  magnificent 
the  station  has  to  offer.  From  here  they  will 
operate  the  station's  robots  and  communi- 
cate with  astronauts  working  outside. 

From  the  beginning,  the  driving  idea 
behind  the  spice  station  was  that  it  be  a 
place  beyond  Earth  where  people  could 
live  and  work  permanently.  That  promise 
will  at  lasr  be  fulfilled  on  January  31, 

1997,  when  die  shuttle  shows  up  with 
Freedoms  living  quarters.  The  "habitation 
module'  will  be  more  like  a trailer  than  a 
luxury  condominium,  but  it  will  be  opu- 
lent compared  with  the  Sky  lab  of  the 
1970s  or  even  Mir  — a kind  of  space-age 
locker  room/bunkhouse  complete  with 
galley,  medical  facilities  and  exercise  area 
for  eight  international  crew  members. 

Although  the  "hah"  module  contains 
extremely  complex  equipment,  it  will  be 
relatively  easy  to  install.  The  shuttle  will 
dock,  back  end  facing  Earth,  bay  doors 
open,  the  shuttles  arm  poised  to  remove 


the  module.  An  astronaut  will  enter  the 
station  through  an  airlock  and  float  down 
to  the  forward  resource  node's  cupola. 

From  there,  he  or  she  will  guide  Freedom's 
Mobile  Servicing  System  along  the  truss 
to  the  docking  area,  where  ics  58-foot  arm 
will  take  the  module  from  the  shuttle 
arm  like  a halfback  takes  a handoff.  The 
MSS  will  then  hoist  the  module  into 
position  and  hold  it  there  — all  the  rime 
circling  Earth  at  1 7,000  miles  per  hour  — 
while  two  astronauts  bolt  it  into  place. 

Meanwhile,  inside  the  station,  the  crew 
will  unload  canisters  filled  with  whatever 
hardware  and  supplies  couldn't  be  built 
into  the  module  on  Earth.  Bobbing  around 
the  innards  of  the  module,  astronaut  spe- 
cialists will  hook  up  and  check  out  com- 
purer,  power,  water  and  gas  lines  while  a 
tele  robotic  operator  manipulates  the  FTS 
and  checks  connections  outside  the  station. 

The  next  two  Bights  deliver  more  sup- 
plies and  the  station’s  last  resource  node. 
Then,  in  the  summer  of  1997,  flight  num- 
ber 1 3 ferries  up  the  first  permanent  crew 
— four  specialists  who  will  live  and  work 
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Former  astronaut  Pete  Conrad  (now  an  executive  with  space  station  contractor 
McDonnell  Douglas)  tries  his  hand  at  building  a “space  station”  in  an  underwater 
training  tank  (opposite  page,  left).  Shuttle  astronauts  practiced  construction 
tasks  in  orbit  on  mission  61 -B  in  1985.  Spacewalking  astronauts  will  test  another 
piece  of  space  station  hardware*— a trolley  for  moving  construction  crews  along 
Freedom’s  trusswork — on  the  ST5-37  mission  in  June.  Right:  The  FTS  may  lend  a 
robotic  hand  in  the  job  of  assembly,  and  will  eventually  help  in  servicing  the  station. 


onboard  the  station  for  the  next  90  days. 
After  all  the  years  of  dreaming  and  debate, 
after  all  the  setbacks,  technical  gymnastics 
and  budgetary  blood  baths,  Wemher  von 
Brauns  vision  of  a "new  companion  in  the 
skies'1  will  become  reality.  At  last,  the 
United  States  will  have  its  Space  station. 

But  what  about  the  international  part- 
ners  who  are  footing  nearly  a third  of 
Freedom's  total  bill?  Aside  from  Canada's 
Mobile  Servicing  System,  its  an  all-Ameri- 
can show  until  mid- 1 997.  Since  the 
United  States  is  putting  up  the  lion's  share 
of  technology  and  hardware  for  the  space 
station  — and  since  it  owns  the  only 
spacecraft  that  can  launch  it  — the  plan 
has  always  called  for  taking  care  of  U.S. 
needs  first.  Nevertheless,  the  project  will 
begin  showing  its  true  international  colors 
in  February  1998,  when  the  first  section 
of  the  J apanese  Ex  pe  ri  men  t Mod  u le 
(JEM)  arrives. 

Ever  so  gently,  the  shuttle  will  float 
toward  the  station,  crown  first,  its  pilot 
punching  a thruster  or  two  to  position 
the  spacecraft  just  so.  By  now,  docking  to 
the  station  will  seem  almost  routine. 

Once  more,  robots  and  astronauts  will 
work  together  to  pluck  the  module  out 
of  the  cargo  bay  and  place  it  at  the  end 
of  the  habitation  module. 

JEM  is  a fitting  acronym  for  Japan's 
contribution  to  the  station.  It  A a gem  — - 
a compact,  two- person  laboratory  with  its 
own  robotic  arm  capable  of  performing  ex- 
periments on  a 30-foot  deck  outside  the 
module.  The  Japanese  module  also  sports  a 
kind  of  small  "attic"  — a detachable  cylin- 
der to  be  filled  with  supplies  and  speci- 
mens for  low-gravity  experiments,  which 

continued  on  page  61 


A SPACE  STATION  TOOLBOX 

Extravehicular  Mobility  Units  (EMU's):  Slightly  advanced  versions  of  the 
Manned  Maneuvering  Units  that  now  allow  shuttle  astronauts  to  motor 
around  in  space  without  being  connected  to  a tether.  The  EMU's  won't  arrive 
until  flight  12  — long  after  the  station's  truss  is  assembled.  Tethering  is  safer. 
The  plan  is  to  use  them  mostly  for  maintenance  work. 

Flight  Telerobotic  Servicer  (FTS):  Like  the  father  of  a young  son,  NASA  has 
high  hopes  for  the  FTS.  The  idea  is  for  the  robot  to  aid  the  construction  and 
maintenance  of  the  station  and  thereby  cut  the  risky  business  of  astronaut 
extravehicular  activity*  The  FTS  is  not  the  sort  of  science  Action  robot  that  can 
crack  wise  and  go  off  in  search  of  its  master.  What  it  will  be  is  an  elaborate 
extension  of  the  human  body,  able  to  take  on  dangerous  and  intricate  jobs 
outside  the  station  while  an  astronaut  operates  it  from  inside  the  shuttle  or 
the  station,  or  even  from  Earth.  The  FTS  will  be  six  feet  talk  with  camera 
eyes  and  three  limbs  sporting  manipulators  nearly  as  sensitive  as  human 
fingers*  Eventually,  its  builders  hope  the  robot 
will  be  able  to  handle  complex  maintenance  jobs  on  its  own* 

Mobile  Servicing  System  (MSS):  This  contraption  consists  of  two  robots 
and  a trolley*  The  transit  system  is  a NASA-designed  pallet  that  will  shuttle 
along  the  length  of  the  station's  spine  to  move  the  arm  wherever  it  needs  to 
go.  The  two  Canadian  robots  are  o significant  contribution  to  the  station 
— in  fact,  the  MSS  is  central  to  the  station's  assembly*  If  it  breaks,  construc- 
tion comes  to  a halt.  For  that  reason  it  will  be  sturdy  enough  to  handle  110 
tons  — three  times  the  capacity  of  the  shuffle's  Canadarm.  It  also  will  be 
smart*  At  the  end  of  its  58-foot  arm  will  be  a highly  sensitive  SPDM  (Special 
Purpose  Dexterous  Manipulator).  This  separate,  smaller  robot  will  use  its 
two  six-  foot  arms  for  delicate  jobs  like  repairing  electrical  circuits  and  fuel 
lines*  The  MSS  also  will  be  tele-operated. 
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How  NASA  managers 
tried  to  beat  the 
budget-cutters  at  their 
own  game,  and 
wound  up  offending 
just  about  everyone 
in  thep)vcess. 

ByLoriKeesey 


y summer  of  last  year,  NASA's 
top  brass  had  begun  to  face  facts. 
Congress  wasn't  buying  the  “all  or  noth- 
ing" arguments  used  by  previous  agency 
officials  to  finagle  cash  for  die  financially 
strapped  space  station  Freedom  program. 
So  the  administrators  did  what  had  been 
considered  unthinkable  until  then:  They 
quietly  ordered  an  exhaustive  descoping 
of  the  multi-  billion-dollar  project. 

And  so  began,  one  day  after  the  July  4th 
holiday,  a series  of  workshop  meetings  that 
came  to  be  known  as  “Scrub  ‘89/  Al- 
though Congress  would  eventually  appro- 
priate nearly  $1.8  billion  for  Freedom  in 
1990 — more  than  NASA  officials  had 
anticipated  at  the  time — repercussions  of 
that  three-week  exercise  still  can  be  felt 
today,  As  a chapter  in  the  space  station’s 
troubled  history,  it  neatly  illustrates  the 
difficulty  of  steering  a large,  expensive* 
multi-year,  international  project  through 
the  American  political  system.  It  sparked 
contention  and  misunderstanding  among 
lawmakers  and  NASA's  international  part- 
ners. And  even  now,  no  one  can  guarantee 
that  it  won’t  happen  again. 

But  all  that  lay  in  the  future  last 
summer,  when  the  space  station  seemed 
headed  for  real  crisis.  The  programs  top 
three  managers  had  just  quit.  The  House 
appropriations  committee,  which  sets 
NASA's  budget  in  the  House,  was  recom - 
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mending  a $400  million  cut  in  Freedom's 
1990  funding  request  of  $2.05  billion. 

And  committee  members  were  warning 
that  an  additional  $600  mijlion  would 
probably  be  slashed  die  following  year. 

That  was  the  situation  facing  William 
Lenoir*  a former  astronaut  turned  Associate 
Administrator  for  Space  Station*  and 
Space  Station  Director  Richard  Kohrs* 
shortly  after  they  accepted  their  new 
jobs  heading  the  perennially  beleaguered 
Freedom  project. 

With  the  funding  outlook  apparently 
out  of  step  with  NASA  plans*  it  was  time 
to  admit  that  either  the  timetable  would 
have  to  slip — again — or  the  station  itself 
would  have  to  be  down-scaled.  The  ques- 
tion was,  who  would  lead  the  "scrub" 
effort,  and  where  would  it  be  held? 

Ray  Hook*  Director  of  Space  Programs 
at  the  agency’s  Langley  Research  Center, 
was  the  logical  choice.  He  was  no  stranger 
to  the  Freedom  project.  In  1986,  the  30- 
year  NASA  veteran  had  won  the  agency's 
coveted  Outstanding  Leadership  Medal 
for  managing  a 3 5 -member  task  team 
that  recommended  sweeping  changes  in 
the  program’s  design  and  assembly.  He 
also  had  headed  Langley's  space  station 
project  office.  He  knew  the  program 
and  the  people. 

So  Langley  ended  up  hosting  the  event, 
partly  because  it  was  Hooks  home*  and 
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partly  because  it  had  enough  secretaries 
and  computers  to  support  the  task  force. 
NASA's  oldest  field  center  offered  other 
benefits,  as  well.  It  was  neutral,  meaning 
that  it  wasn't  one  of  the  four  centers  desig- 
nated by  the  agency  as  prime  work  sites  for 
the  Freedom  project.  It  also  was  far  away 
from  Washington*  nestled  100  miles  south 
in  Virginias  Tidewater  area. 

There  would  be  no  interruptions,  Lenoir 
had  given  Hook’s  1 6-member  "tiger  ream" 
of  astronauts,  senior  managers  and  key  pro- 
ject officials  specific  guidelines.  He  didn't 
want  recommendations.  He  wanted 
options  on  how  NASA  could  cut  some 
$1  billion  in  station  funding  in  1990  and 
199T  and  still  be  ready  to  begin  building 
Freedom  in  orbit  in  March  1995. 

"I  felt  we  needed  to  hold  the  first  launch 
date  so  we  could  show  progress,  ' Kohrs 
said.  Indeed,  after  five  years  the  program 
had  little  to  show  for  itself,  and  meeting  an 
important  deadline  would  go  a long  way 
toward  soothing  congressional  anxieties. 
Hooks  team  was  told  to  maintain  inter- 
national agreements  to  the  "maximum 
extent  possible,"  to  allow  for  eventual 
growth  back  to  the  original  station  design, 
and  to  support  the  community  of  users 
waiting  to  fly  experiments  on  the  station. 
Those  were  the  marching  orders. 

It  was  an  intense  three  weeks,  character- 
ized by  12-hour  days,  seven  days  a week. 
The  task  force  members,  chosen  because  of 
their  key  roles  in  the  program,  met  Tues- 
day through  Thursday  of  each  week  at 
Langley,  then  briefed  Lenoir  and  Kohrs  on 
Friday.  Saturday,  Sunday  and  Monday  were 
spent  at  other  NASA  centers,  working  the 
numbers  and  new  configurations  with  con- 
tractors and  agency  personnel.  The  fax  ma- 
chines and  telephones  never  stopped. 

"ft  was  like  disassembling  your 
automobile,"  said  Bob  Rheme,  who  repre- 
sented NASA's  Space  Science  Office. 

"We  were  told  to  identify  a series  of  ele- 
ments that  could  be  disconnected."  It 
cook  work,  but  by  all  accounts  the  team 
members  were  able  to  cast  aside  their 
biases  for  the  good  of  the  program. 

‘If  we  were  going  co  bleed,  we  thought 
wed  rather  do  the  bleeding,"  said  Ron 
Browning,  a project  manager  at 
Goddard  Space  Flight  Center, 

Lenoir  had  asked  for  options  that  re- 
duced station  funding  by  $400  million 
or  more — the  expected  amount  of  bud- 


getary shortfall,  "Quite  honestly,  we  didn’t 
make  it,”  said  Hook.  But  the  proposed 
cuts  were  painful,  nonetheless.  "Truthfully, 
we  cur  it  too  much,"  admitted  Hook. 

"We  were  at  the  point  of  non-vi ability, 
and  we  had  some  real  uncertainties  about 
what  we'd  done.” 

Wliat  the  Langley  group  had  done  was 
to  reduce  the  size  of  the  station  s crew  from 
eight  people  to  four.  It  slashed  the  amount 
of  onboard  electrical  [xiwer  by  half,  from 
75  kilowatts  to  37.5.  It  decided  to  scrap  a 
new,  improved  space  suit.  Oxygen  would 
be  delivered  to  the  station  instead  of  gen- 
erated onboard,  which  meant  more  shuttle 
flights.  The  team  opted  for  a greatly  sim- 
plified propulsion  system  that  used  less 
electricity,  but  drove  up  operations  costs, 
and— according  co  critics— polluted  the 
vacuum  environment  outside  the  station. 


“Here  we  were, 
trying  to  split  a chicken  into 
55  parts.”  Meanwhile,  in 
Washington,  President  Bush 
was  talking  about  manned 
missions  to  die  Moon 
and  Mars.  “We  were  saying, 
'What's  wrong  widi 
this  picture?1” 


There  were  still  more  casualties:  The 
group  deleted  the  onboard  washer,  dryer 
and  dishwasher,  and  decided  that  the  shut- 
tle would  control  docking  operations, 
rather  than  the  station.  It  recommended 
fewer  "attached  payloads” — science  instru- 
ments mounted  to  Freedom  s exterior.  It 
reduced  communications  and  tracking,  k 
scaled  back  data  management  systems.  It 
changed  the  power  distribution  system. 
And  as  defined  by  the  Langley  team,  "per- 
manent manned  capability” — one  of  the 
station's  main  selling  points— didn't  nec- 
essarily mean  "forever  manned,"  Money 
could  be  saved  down  the  line  by  occasion- 
ally leaving  the  station  unoccupied. 

By  the  time  it  closed  shop  in  late  July, 
the  Langley  team  had  planned  the  station's 
assembly  schedule  to  1997,  when  the  sec- 
ond LLS,  module  would  be  in  place  and 


Freedom  could  be  permanently  manned. 
The  group  never  examined  possibilities 
beyond  that  point.  In  fact,  NASA  didn’t 
finalize  the  assembly  sequence  until  after 
the  Langley  group  had  disbanded  and 
discussions  had  begun  with  international 
partners  and  other  program  officials.  This 
would  later  prove  disastrous  from  a public 
relations  standpoint. 

To  one  workshop  participant,  the  whole 
exercise  was  a terrible  contradiction:  "Here 
we  were  sitting  down  in  Langley,  trying  to 
split  a chicken  into  55  pans.”  Meanwhile, 
in  Washington,  President  Bush,  flanked 
by  his  Vice  President,  NASA  Administra- 
tor Richard  Truly  and  the  Apollo  1 1 astro- 
nauts, was  talking  about  manned  missions 
to  the  Moon  and  Mars.  “We  were  saying, 
'What’s  wrong  writh  this  picture?'  We  re 
not  sure  we  can  afford  a $26  billion  space 
station,"  let  alone  an  ambitious 
Moon-Mars  initiative, 

"It  was  like  two  trains  passing,”  the  offi- 
cial added.  One,  filled  with  fresh,  young 
recaiits,  was  just  heading  out.  The  other 
was  returning  from  the  front  lines. 

And  within  a few  days,  all  hell  would 
break  loose. 

Officials  at  the  European  Space  Agency 
(ESA)  first  heard  about  the  scrub  exercise 
through  the  industry  rumor  mill.  By  mid - 
July  its  Washington  representatives  were 
clamoring  for  a briefing.  They  got  one,  but 
details  had  been  omitted  from  the  agenda. 
When  formal  briefings  began  a few  weeks 
later,  they  and  their  Canadian  and  Japanese 
colleagues  learned  why. 

The  50%  power  cut  left  just  18  kilo- 
watts of  electricity  for  running  onboard 
experiments,  which  would  reduce  the  sta- 
tions usefulness  as  an  orbiting  laboratory. 
The  new  assembly  sequence  didn’t  include 
a firm  launch  date  for  the  European  and 
Japanese  modules.  It  also  appeared  that 
international  partners  would  have  co  bear 
increased  operations  costs  because  of 
changes  in  the  propulsion  and  environ- 
mental control  systems.  ESA's  Man -Tended 
Free-Flyer — a small,  automated  laboratory 
flying  in  tandem  with  the  main  s ca- 
tion— would  need  servicing,  but  NASA 
didn't  make  provisions  for  that. 

More  unsettling  was  the  fact  that 
NASA  hadn't  included  its  partners  in  the 
Langley  exercise,  even  as  observers.  That 
constituted  a clear  violation  of  internation- 
al agreements,  which  stipulated  that 
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NASA  would  consult  the  partners  about 
any  potential  changes,  an  ESA  official  said, 
‘What  made  it  worse/1  he  added,  ‘ was 
that  we  didn't  have  any  information.1' 

As  ill  feelings  reverberated  across  the 
Atlantic,  Canada,  which  historically  en- 
joyed a “good  relationship"  with  the  space 
agency  and  had  agreed  to  build  Freedom's 
advanced  robot  arm,  also  was  having  trou- 
ble swallowing  NASA's  latest  bitter  dose, 

"It  was  an  incredible  leap  of  faith 
for  Canada  to  get  involved1'  in  space  sta- 
tion Freedom  in  the  first  place,  explained 
a Canadian  official,  America's  problems 
pale  in  comparison  with  Canadas,  whose 
deficit  equals  $250  billion  in  U.S.  dollars. 
Now,  said  the  official,  “all  kinds  of  rejig- 
ged ng  was  going  on  to  meet  U.S. 
budget  problems." 

By  early  September,  ESA  Space  Station 
Director  Frederick  Engstrom  had  come  up 
with  a proposal  of  his  own—that  NASA 
launch  the  international  modules  ahead  of 
the  U.S.  laboratory,  which  would  be  de- 
ferred at  least  until  1 997,  In  the  mean- 
time, the  United  States  could  use  Japanese 
and  European  facilities.  Engstrom  argued 
that  his  proposal  produced  the  same  "up- 
front’1  savings  as  the  Langley  plan.  NASA 
didn't  buy  it. 

"The  beautiful  thing  is,  it  would  have 
worked,”  said  one  NASA  official  who  dis- 
agreed with  the  agency's  position.  The  Eu- 
ropean offer  would  have  saved  money  and 
kept  the  internationals  happy,  but  it  fell 
victim  to  national  pride. 

If  NASA  thought  it  had  problems  with 
its  partners,  things  weren't  much 
better  on  Capitol  Hill.  Some  lawmakers 
perceived  the  Langley  exercise  as  yet  an- 
other example  of  out-of-control  NASA 
programming  and  lack  of  vision.  In  five 
years,  Freedom  had  undergone  1 1 major 
reviews  as  well  as  continual  budget  and 
schedule  adjustments, 

“What  people  don't  realize  is  that  when 
you  nickel  and  dime  a program,  you're 
going  to  drive  up  costs  and  stretch  out  the 
schedule,"  said  one  congressional  aide. 

"The  blame  can  be  shared  equally.  Unfor- 
tunately, some  of  the  critics  don  't  want  to 
share  the  blame." 

The  House  Science  Committee,  which 
authorizes  space  agency  spending  but 
doesn't  control  how  much  money  is  actual- 
ly appropriated,  was  especially  unhappy. 
Members  of  the  committee,  led 


by  chairman  Robert  Roe,  a Democrat 
from  New  jersey,  complained  that  NASA 
hadn  't  kept  them  informed  of  the 
proposed  changes. 

One  NASA  official  saw  other  reasons  for 
their  consternation:  “We  re  caught  up  in  a 
battle  between  the  authorizing  and  the  ap- 
propriations committees/1  Some  members 
of  the  science  com  mi  tree  thought  NASA 
should  have  played  hardball  with  the  bud- 
get panel  when  it  threatened  cuts  to  the 
station.  But  instead  of  picking  a fight  with 
another  congressional  committee,  they 
vented  their  anger  on  the  victim. 

Others  in  Congress  worried  that  the 
Langley  cuts  would  become  a “self-fulfill- 
ing prophecy"  Unlike  former  NASA  Ad- 
ministrator James  Fletcher,  who  had  told 
Congress  he  would  rather  cancel  the  sta- 
tion than  accept  a penny  less  than  the  hill 


“When  you  nickel  and 
dime  a program,  you're 
going  to  chive  up  costs  and 
stretch  out  die  schedule,” 
said  one  congressional  aide. 
“The  blame  can  be  shared 
equally.  Unfortunately, 
some  of  die  aides  don't 
want  to  share  die  blame.” 


requested  amount,  Truly  had  begun  the 
scrub  exercise  before  Congress  even  fin- 
ished reviewing  NASA's  budget. 

In  early  September,  key  Appropriations 
Committee  members  confronted  Truly 
with  information  they  heard  "through  the 
grapevine."  Reps,  Bob  Traxier  (D-Mich,) 
and  Bill  Green  (R-N.Y.)  said  Truly  had  or- 
dered the  Langley  scrub  because  of  addi- 
tional funding  shortfalls  that  NASA  had 
been  keeping  quiet.  Even  if  the  panel  had 
granted  Freedom's  frill  request  of  $2,05 
billion  in  1990,  the  Congressmen  charged, 
NASA  couldn't  go  ahead  with  the  project 
as  planned  without  significant  delays  or 
changes  to  the  station.  Agency  officials 
countered  by  claiming  that  the  extra  costs 
were  for  “nice-to-have,"  but  non-essential, 
items  suggested  by  the  field  centers,  which 
would  have  been  scrubbed  out  of  the  bud- 


get anyway. 

Still,  it  was  clear  that  NASA  was  having 
difficulty  keeping  control  of  the  program. 
"After  more  than  $2  billion  in  appropria- 
tions, three  major  descopings  and  five  asso- 
ciate administrators,  the  space  station  pro- 
gram still  appears  to  be  at  sea,1"  wrote 
Traxler  and  Green, 

In  hindsight,  agency  officials  concede 
they  could  have  done  a better  job  explain- 
ing the  Langley  review,  but  denied  allega- 
tions that  they  had  purposely  tried  to  keep 
it  under  wraps.  Besides,  said  NASA 
spokesman  Mark  Hess,  the  proposed  cuts 
were  not  the  final  word  , but  more  of  a 
"first  whack," 

Still,  some  lawmakers  complained  that 
they  were  now  unsure  exactly  what  the 
space  station  looked  like.  At  a hearing  in 
late  October,  Norman  Mineta,  a California 
Democrat  on  the  House  Science  Commit- 
tee, called  the  project  “a  bait  and  switch" 
operation,  "I  get  the  feeling  that  we're 
hooked  onto  something,  but  what  we're 
getting  is  less  capacity  and  a longer  time 
in  getting  it." 

By  the  time  NASA  finished  reviewing 
the  proposed  Langley  changes,  which 
Lenoir  called  unacceptable,  the  program 
did  indeed  look  different.  The  new  sched- 
ule called  for  assembly  of  the  station  to 
be  completed  in  August  1999 — almost 
a year  and  a half  behind  schedule.  The 
original  crew  of  eight  would  be  retained, 
and  the  station  would  generate  its  own 
oxygen  after  all.  Electrical  power  would 
rema  i n at  75.5  k i 1 o wat  ts , al  t houg  h experi  - 
menters  might  now  be  allotted  as  little 
as  30  kilowatts,  instead  of  the  promised 
45,  due  to  greater  power  demands  by 
the  station  itself. 

Construction  was  still  set  to  begin  in 
1995,  as  Lenoir  and  Kohrs  had  wanted, 
but  all  other  milestones  slipped  by  six 
months  or  more,  including  the  launch  of 
the  Japanese  and  European  lab  modules. 
Some  of  the  program's  prized  systems — an 
advanced  space  suit,  for  exam  pie— wou  Id 
still  have  to  fight  their  way  back  into  the 
"baseline,"  but  most  of  the  items  cut  by 
the  Langley  team  were  reinstated.  And 
even  though  the  final  appropriation  for 
Freedom  fell  short  of  the  $1,85  billion 
Lenoir  said  he  needed  in  fiscal  year  1 990, 
NASA  claimed  that  program  reserves 
would  cover  the  difference, 

continued  on  page  60 
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For  All  Mankind  ■ A Film  by  Al  Reined 


By  Jerome  Richard 


When  Texas  Monthly  magazine 
asked  Al  Reinert  to  write  an 
article  commemorating  rhe 
tenth  anniversary  of  the  first  Moon  land- 
ing in  1979,  it  was  just  another  assign- 
ment. After  he  talked  to  some  of  the 
Apollo  astronauts  and  watched  the  footage 
they’d  brought  back  from  the  Moon,  it 
became  a mission.  Reinert’s  article, 
“Moonstruck,”  conveyed  the  sense  of  awe 
he  felt  at  the  lunar  landings,  but  he  want- 
ed people  to  share  in  the  experience  itself. 
So  he  set  out  to  make  For  All  Mankind. 

Reinart  pieced  his  film  together  by 
using  the  extensive  footage  taken  by  the 
astronauts  during  their  lunar  voyages,  lit- 
tle of  which  has  been  widely  seen  by  the 
public.  That  turned  out  to  be  something 
of  a technical  challenge;  NASA  had  six 
million  feet  of  16-millimeter  film,  but 
none  of  it  could  be  removed  from  the 
Johnson  Space  Center,  and  Reinert  had  to 
transfer  NASA’s  prints  frame  by  frame 
onto  35-millimeter  stock  for  commercial 
use.  He  also  gathered  clips  from  the  tele- 
vision transmissions  broadcast  by  the 
Apollo  crews  back  to  Earth.  Onboard 
views  are  interspersed  with  NASA’s  own 
documentary  shots  of  the  action  in  mis- 
sion control. 


The  finished  film  combines  footage 
from  the  eleven  Apollo  flights  (including 
six  Moon  landings,  two  lunar  orbit  mis- 
sions, and  one  abort)  and  melds  them  into 
a single  composite  voyage.  From  the 
bone-rattling  launch  to  splashdown  in  the 
Pacific,  you  see  what  the  astronauts  saw. 
Even  the  harrowing  explosion  of  an  oxy- 
gen tank,  200,000  miles  from  Earth, 
aboard  Apollo  13  is  recorded.  That  mis- 
sion had  to  turn  back,  but  the  viewer  car- 
ries on  to  land  on  the  Moon’s  surface. 

As  dazzling  as  the  images  from  space 
are,  the  narration — culled  from  80  hours 
of  interviews  with  a number  of  Apollo  as- 
tronauts— gives  the  film  its  striking  per- 
sonal quality.  We  hear  the  voice  of  one  as- 
tronauat  who  describes  looking  down 
from  Earth  orbit  and  seeing  the  flickering 
campfires  of  nomads  in  the  African  desert. 
He  says  they  seemed  more  alien  to  him 
than  the  vastness  of  space,  and  as  we  see 
the  same  flickering  lights  on  the  screen, 
we  understand  what  he  means.  Compared 
to  the  fantastic  technology  it  took  to  get 
him  there,  the  campfires  seem  to  be  part 

The  first  TV  show  from  the 
Moon:  still  amazing  after 
all  these  years. 


of  another  world. 

The  views  of  Earth  as  a tiny  globe  of 
blue  and  white  and  tan,  floating  alone  in 
black  space,  are  still  amazing  after  all  these 
years.  “You  don’t  think  of  it  as  Texas  or 
the  United  States,”  says  one  of  the  Moon 
travelers;  “you  really  think  of  it  as  Earth.” 
Sometimes  it’s  hard  to  remember  that  the 
film  uses  no  special  effects.  When  the 
completed  movie  was  screened  for  a group 
of  astronauts  at  the  Air  and  Space  Museum 
in  Washington,  Apollo  1 1 veteran  Buzz 
Aldrin  said  it  was  “the  closest  thing  to 
going." 

Spectacular  footage  requires  the  right 
music,  and  avant  garde  composer  Brian 
Eno  has  provided  a beautifully  understated 
score  that  avoids  the  pomposity  often 
heard  in  space  documentaries.  Reinert  also 
includes  selections  from  the  tapes  some  of 
the  astronauts  brought  along  with 
them — songs  running  the  gamut  from 
Buck  Owens’  Act  Naturally  to  Berlioz’  Sym- 
phonic Fantastique. 

For  All  Mankind  won  the  Grand  Jury 
and  Audience  Awards  at  the  U.S.  Film 
Festival,  but  distributors  spurned  it,  say- 
ing that  documentaries  don’t  make  money. 
Although  it  eventually  will  be  out  on 
home  video.  Reinert  says  that  for  full  im- 
pact it  has  to  be  seen  on  the  big  screen. 
After  limited  showings  in  four  cities  last 
year  (it  was  the  third  largest  grossing  film 
per  screen  in  the  United  States  in  Novem- 
ber), Reinert  and  a partner  are  distributing 
the  film  themselves;  it’s  set  to  open  na- 
tionwide in  March. 

Some  people  question  whether  the  cost 
of  the  Apollo  missions  was  justified.  Those 
who  see  For  All  Mankind  are  apt  to  say  we 
got  our  money’s  worth.  □ 


48  FINAL  FRONTIER 


FINAL 
FRONTIER 
IS  YOUR 
TICKET  TO 
SPACE 


"Travel  through 
space  a full  year 
(6  big  issues) 
for  only  “1797 


Use  this 
Super  5aver 
ticket  and  enjoy 
savings  of  over 
14%  off  the 
newsstand 
price! 


Reserve  your 
seat  now! 


SUBSCRIPTION  TICKET 


Come  aboard!  Subscribe  to  Final  Frontier.  Save 
money  on  each  issue.  Act  now  and  receive  a one 
year  subscription  (6  colorful  issues)  for  only  $1797 


DESTINATION:  FARE. 


Please  allow  4-3  weeks  (delivery  Carsaciian  rale  S'®  95.  all  other  countries  $23.95 
Payment  m U S currency  must  accomjoany  all  loretgn  orders. 


4ml.  iff* 

* 


PAYMENT 

BILL  ME  ENCLOSED 

OR 


BD0SS 


SUBSCRIPTION  TICKET 

SEND  A FRIEND 


Don't  go  atone!  Enter  a one  year  subscription  (6  issues) 
to  Final  Frontier  in  a friend's  name  for  only  $1797 
and  we'll  send  them  a card  announcing  your  gift 

PASSENGER  NAME. 


FARE 


$17-97 

bill  me 

PAYMENT 

ENCLOSED 

OR 

Please  altow  4-8  weeks  delivery  Canadian  rate  $19.95.  all  other  countries  $23.95 
Payment  mUS  currency  nxisl  accompany  all  foreign  orders 


XD05S 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO.  89016  ESCONDIDO  CA 


Postage  will  be  paid  by  addressee 

HN"  ™n«| 

PO.  Box  3803 
Escondido,  CA  92025-9561 


No  postage 
necessary 
if  mailed 
in  the 

United  Slates 


1 1 r I m 1 1 j 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 m 1 1 1 1 1 1 


snmt  isam  w&*powptimc(W£CMH 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO.  89016  ESCONDIDO,  CA 


Postage  will  be  paid  by  addressee 

[III*1  “°WI(R 

PO.  Box  3803 
Escondido,  CA  92025-9561 


Nt> 'postage 
j : necessary 

if  metiWi 
'in.  the 

United  States 


I l(!i  i nil  li  In  ml.l  i lililil  H 1 1 it  i tlEti  mlt  ml 


No  postage 
necessary 
if  mailed 
in  the 

United  States 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO.  89016  ESCONDIDO,  CA 


Postage  will  be  paid  by  addressee 

FIIIA'  ‘miitim 

PO.  Box  3803 
Escondido,  CA  92025-9561 


Imnl.liiil, Mini, lull. imllml 


SUBSCRIPTION  TICKET 

5-YEAR  MISSION 


Receive  FINAL  FRONTIER  through  the  year  1 995  and  save 
44%  off  the  regular  subscription  price.  That’s  30  colorful 
issues.  Act  now  and  get  a FREE  official  NASA  patch  with  your 
paid  subscription.  Details  on  page  to  the  right, 

DESTINATION  FARE 


Pteas&  aKow  w&e-ks  ctelrueiy  Canadian  rate  $G9  97.  all  other  oouwios  $B9.97 
Payment  en  U S.  currency  must  accompany  all  loreign  orders 


PAYMENT 

ENCLOSED 


si  no  me 


I!  address 


11M 


Begin  a 5 yaor  mission  into  space — wiih  a 
subscription  to  Fm  FROMie.  For  less  than 
fifty  ddbrs  you  can  have  Fnai  FfiCNtiB?  delivered 
to  your  door  through  1995.  That's  30  big  issues 
— 5 M years-for  the  lew  price  of  $49,97! 

This  is  an  opportunity  fa  those  who  fed  strongly 
about  the  mission  of  the  magazine:  the 
advancement  of  space  exploration.  Your 
support  lends  FmFfiONTe  a boost  — 
allowing  us  to  reach  more  space  enthusiasts, 
publish-  more  frequently,  and  raise  the 
magazines  aspirations  even  higher 

Plus,  you'll  be  aboard  through  the  second 
great  wave  of  exploration:  the  1 990's, 

You'll  be  the  first  to  hear  about  astronomiool 
events,  humarmnade  a dheiwise. 

Your  subscription  saves  you  over 
$55  off  the  newsstand  price  — and 
44%  off  the  regular  subscription 
price*  You  save  even  more  when  you 
consider  inevitable  price  inaeases. 

just  complete  the  postage  pad  card  provided  for 
you  to  the  left  of  this  offer,  , .and  receive  an  official 
NASA  path  with  your  paid  subscription. 


FINAL  FRONTIER 

2400  FOSHAY  TOWER,  MINNEAPOLIS,  MN  55402 

To  order  by  phone  with  credit  card  call 
TOLL  FREE!  1 (300)24- LUNAR  or  FAX  us  at  (612)332-0034* 

□ YES!  Send  me  a fiveyear  subscription  to  FINAL  FRONTIER  at  the  lew 
price  of  only  $49,97  Thai's  52%  off  the  newsstand  price!  With  this  limited 
offer  you'll  receive  a FREE  official  NASA  path  with  your  paid  subscription! 


state 


□ payment  enclosed 


me 


Please  allow  6-B  weeks  delivery.  Canadian  rate  $69.9 7t  all  other  countries  $89.97 

Payment  In  U.S.  currency  must  accompany  all  foreign  orders.  A5D90 


HP*!  mnufiHi 


STS-33 


LAUNCH:  7:23  p.m.  EST, 
November  22,  1989  Pad  39B, 
Kennedy  Space  Center,  Fla. 
LANDING:  4:31  p.m.  PST, 
November  27,  1989  Edwards 
Air  Force  Base,  Calif. 

ORB  ITER:  Discovery 
ALTITUDE:  Classified;  esti- 
mated 1 10-280  nautical  miles 
CREW:  Frederick  D.  Gregory, 
Commander 
John  E.  Blaha, 

Pilot 

F.  Story  Musgrave,  Kathryn  C. 
Thornton,  Manley  L.  "Sonny” 
Carter,  Mission  Specialists 
PAYLOADS:  Classified;  be- 
lieved to  be  signals  intelligence 
(SIGINT)  satellite,  SDI  experi- 
ments, medical  investigations 

Even  though  you  won’t  find 
the  full  story  of  STS-33 
in  the  public  record,  this  secret 
shuttle  mission  was  one  for  the 
space  trivia  books.  Discovery’s 
five-day  flight  not  only  turned 
out  to  be  the  last  shuttle  mis- 
sion of  the  ‘80s,  but  it  also 


featured  a host  of  "firsts":  the 
first  post-Challenger  night 
launch. ..first  black  shuttle 
commander... first  civilians 
to  fly  a military  mission. ..and, 
of  course,  the  first  soccer  ball 
in  orbit. 

NASA  had  announced  in 
advance  that  STS-33  was  slated 
to  make  a rare  night  liftoff 
sometime  within  a pre-selected 
four-hour  launch  window.  In 
keeping  with  policy  on  classi- 
fied flights,  however,  the  space 
agency  gave  no  reason  for 
launching  in  darkness.  Liftoff 
times  normally  are  dictated  by 
the  need  to  place  the  primary 
payload  in  a particular  orbit. 

As  usual  with  these  secret 
flights,  NASA  withheld  the 
exact  liftoff  time  until  T-9 
minutes  (even  though  a display 
at  the  agency’s  headquarters 
in  Washington  had  been  show- 


ws 


ing  the  correct  time-to-launch 
for  two  days).  When  the  count- 
down neared  zero,  the  darkness 
at  Pad  39B  exploded  in  a fire- 
ball of  brilliant  white  light 
as  the  shuttle’s  three  main 
engines  and  solid  boosters 
ignited  to  send  Discovery 
hurtling  through  the  warm 
Florida  air. 

It  was  an  extraordinary 
evening  for  shuttle  watching. 
Spectators  at  Cape  Canaveral 
clearly  saw  the  solid  rockets 
separate  nearly  30  miles  over 
the  Atlantic,  and  the  bright 
pinpoints  of  light  from  the 
orbiter’s  main  engines  were  vis- 
ible in  long-range  tracking 
cameras  almost  to  the  moment 
of  cutoff. 

Once  Discovery  was  safely 
whirling  around  the  globe,  the 
astronauts  prepared  to  release 
their  hush-hush  cargo.  Most 


Discovery’s  liftoff,  as  seen  from  a training  aircraft. 


analysts  agreed  with  the  assess- 
ment— first  published  in  the 
trade  journal  Aviation  Week  & 
Space  Technology  , that  the  or- 
biter  carried  a 6,000-pound 
signals  intelligence  satellite  to 
allow  the  National  Security 
Agency  to  tune  in  to  Soviet 
military  communications. 
Whatever  it  was,  the  payload 
was  successfully  deployed  early 
on  Thanksgiving  Day,  accord- 
ing to  reports  from  amateur 
satellite  trackers.  Presumably 
the  craft  was  lofted  into  a high 
geosynchronous  orbit  by  an 
Inertial  Upper  Stage  booster. 

NASA  maintained  its  cus- 
tomary silence  about  the  sec- 
ondary objectives  of  the  mis- 
sion as  well,  but  the  assign- 
ment of  two  physicians — Story 
Musgrave  and  Sonny  Carter — 
to  the  crew  strongly  hinted 
that  a full  slate  of  medical  ex- 
periments was  planned.  There 
also  were  pre-launch  reports 
that  the  astronauts  were  given 
tasks  related  to  SDI  research 
and  the  role  of  humans  as 
space- based  military  observers. 

The  presence  of  civilians 
Musgrave  and  Kathryn  Thorn- 
ton onboard  a classified  shuttle 
flight  was  a first.  On  all  four 
previous  Department  of  De- 
fense missions,  the  crews  were 
composed  entirely  of  red- 
white-and-blue  military  men; 
two  of  the  flights  had  even  in- 
cluded career  Air  Force  officers 
as  payload  specialists  in  place 
of  NASA  astronauts. 

The  pilot  for  STS-33,  John 
Blaha,  had  not  expected  to  be 
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Following  their  perfect  landing,  Thornton,  Gregory,  Blaha,  Musgrave  and  Carter  (below}  celebrate  with  NASA  officials. 


floating  about  Discovery's 
cabin  again  so  soon.  After  his 
successful  debut  as  the  orb  iters 
pilot  on  STS-29  in  March 
1989,  Blaha  might  have  been 
in  line  to  command  his  own 
mission  in  a year  or  two.  But 
when  Dave  Griggs,  the  origi- 
nal STS- 33  pilot,  was  killed 
flying  a World  War  If  trainer 
in  June,  NASA  called  on 
Blaha  as  a substitute.  Griggs 
still  made  the  trip  in  spirit. 

He  was  commemorated  by 
the  solitary  gold  star  beneath 
the  eagles  beak  on  the  STS-33 
crew  insignia. 

Given  the  lack  of  official 
comment  on  the  astronauts' 
activities,  die  non-technical 
aspects  of  Discovery's  flight 
received  most  of  the  attention. 
Six  years  after  Guy  Bluford  be- 
came the  first  black  American 
to  fly  in  space,  the  media  ttx>k 
only  brief  notice  of  Fred  Gre- 
gory, the  first  black  to  com- 
mand a shuttle  mission.  Mis- 
sion specialist  Sonny  Carter, 
meanwhile,  got  plenty  of  ink 
for  the  delightfully  oddball  and 
touching  assortment  of  person- 


al effects  he  carried  into  space: 
baseball  cards  of  Dodger  major 
leaguers  Roy  Campanclla  and 
Ralph  Branca  (Girter  is  a 
diehard  LA.  fan);  a sash  be- 
longing to  the  first  mentally 
handicapped  person  to  reach 
the  rank  of  Eagle  Scout;  a soc- 
cer ball,  the  first  ever  orbited, 
as  a tribute  to  the  U.S.  World 
Cup  team  (another  soccer  ball 
was  onboard  Challenger  for  the 
ill-fated  STS-5 1L  launch);  and 
a 4000-year-old  Babylonian 
messenger  tablet,  about  the 
size  of  a Shredded  Wheat  bis- 
cuit, provided  by  Carter's  alma 
mater,  Emory  University, 

Other  details  about  the  mis- 
sion leaked  out  only  after  the 
landing.  Gregory  noted  in  an 
impromptu  post-flight  state- 
ment that  Discovery's  zero-g 
toilet  had  gone  on  the  fritz 
shortly  after  the  crew  reached 
orbit,  but  was  quickly  repaired. 
He  also  had  to  deal  with  a 
minor  foot  infection  during 
the  mission. 

Even  as  the  astronauts  but- 
toned up  the  orbiter  and  pre- 
pared for  re-entry  at  the  end  of 


their  fourth  day  in  space,  the 
normally  docile  winds  at  Ed- 
wards Air  Force  Base  turned 
nasty.  Strong  gusts  swirled 
across  the  dry  lake  bed  and 
runway,  forcing  NASA  to 
scrub  that  evening  s landing 
attempt.  Suddenly  unbur- 
dened, Discovery's  crew  used 
the  extra  time  in  orbit  to 
cruise  and  snooze. 

"We  were  just  lying  at  the 
windows  watching  the  world 
go  by,"  Gregory  later  admitted, 
"To  have  seen  us,  it  would  be 
hard  to  believe  we  were  getting 
paid  for  it." 

The  next  day.  Discovery's 
de-orbit  bum  was  again 
bumped  back,  this  time  by  90 
minutes,  allowing  the  winds  to 
subside.  At  last,  the  astronauts 
fired  their  engines  to  begin  the 
one-hour,  20-minute  fall  to 
Earth — longer  than  usual  due 
to  the  flight's  high  orbital  alti- 
tude. But  the  weather  had  a 
final  say;  en  route,  Gregory  was 
ordered  by  Mission  Control  to 
land  on  one  of  Edwards'  con- 
crete runways,  because  cross- 
winds  on  the  iakebed  were  still 


beyond  acceptable  limits. 

Discovery  gleamed  jewel- 
l ike  in  the  late  afternoon  sun  as 
it  streaked  in  from  the  west 
and  banked  on  its  final  ap- 
proach. Before  a lew  scattered 
onlookers  (the  public  had  been 
barred  from  the  usual  viewing 
area),  Gregory  and  Blaha 
brought  the  1 00-ton  craft  in 
for  a touchdown,  right 
on  the  money. 

The  orbiter  apparently  came 
through  the  five-day  flight  in 
superb  shape,  which  should 
mean  NASA  will  have  an  easi- 
er time  preparing  Discovery 
for  its  most  important  mission 
yet;  this  spring's  deployment 
of  the  long-awaited  Hubble 
Space  Telescope. 
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Space  Telescope 

continued  from  page  3 1 

surveying  them  for  temperature,  pressure 
and  composition.  That’s  what  Jim  West- 
phal  calls  “plain  old,  simple  astronomy," 
but  only  with  HST  is  it  feasible.  The  same 
kind  of  survey  will  be  possible  for  other 
nearby  galaxies.  As  Albert  Boggess, 
a NASA  astronomer  who  is  HST’s  current 
Project  Scientist,  says,  “Now  we  can 
[observe]  something  that  apparently 
evolved  independently  of  our  own  galaxy. 
What  are  the  similarities  and  what  are 
the  differences?" 

Astronomers  have  come  to  regard  An- 
dromeda as  a twin  of  our  own  galaxy,  but 
that  may  be  the  result  of  ignorance  more 
than  anything. 

“The  less  you  know  about  something, 
why,  the  more  it  looks  like  something 
else,"  says  Westphal.  As  to  whether  An- 
dromeda will  turn  out  to  be  a twin  sister, 
"I’d  be  willing  to  bet  scotch  whiskey  that 
it  ain’t,"  he  says.  “But  we’ll  find  out.  The 
very  fact  that  we  think  it’s  almost  like  our 
own  almost  surely  means  it  isn’t.” 

When  we  look  out  beyond  the  Local 


Group  of  galaxies,  which  includes  the 
Milky  Way  and  the  Andromeda  spiral, 
we  find  that  galaxies  aren’t  sprinkled  ran- 
domly through  space  but  are  arranged  in 
clusters,  like  fleets  of  ships  in  a vast,  dark 
ocean.  The  closest  such  grouping  is  called 
the  Virgo  cluster.  Right  now,  we  can  easily 
identify  stars  only  within  our  immediate 
grouping  of  galaxies.  But  since  the  Space 
Telescope  will  be  able  to  see  the  galaxies 
of  the  Virgo  cluster  as  well  as  we  now  see 
Andromeda,  it  should  be  able  to  resolve 
stars  there. 

At  the  center  of  the  Virgo  cluster,  some 
\H  million  light  years  distant,  is  a vast 
sphere  of  stars  that  is  one  of  the  brightest 
galaxies  known.  It  has  no  name,  but  as- 
tronomers know  it  as  M87,  from  18th- 
century  astronomer  Charles  Messier’s  cata- 
log of  nebulae.  Virtually  everything  about 
M87  is  peculiar.  It  is  comparable  in  size  to 
our  own  galaxy,  yet  it  contains  perhaps  a 
trillion  stars,  4 8 times  as  many  as  the 
Milky  Way.  Some  20,000  globular  clus- 
ters— more  than  50  times  the  number  in 
our  own  galaxy — float  in  attendance. 

Something  strange  is  happening  in 
M87.  Radio  astronomers  have  heard  its 


roar  of  energy  from  across  40  million  light 
years,  and  photographs  have  revealed  the 
source:  a strange  jet  of  highly  energized 
gas  and  electrons  at  a temperature  of  a mil- 
lion degrees,  shooting  from  the  galaxy’s 
center  thousands  of  light  years  into  the 
surrounding  blackness. 

No  one  can  explain  the  jet’s  existence, 
but  it  seems  possible  that  there  is  a 
tremendously  massive  black  hole  the  size 
of  the  Moon  at  M87’s  center.  It  may  be  fed 
by  highly  energized  gas  that  surrounds  the 
galaxy  and  is  raining  down  into  its  center. 

HST  will  help  astronomers  solve  the 
mystery.  If  the  telescope's  pictures  show 
that  M87  has  an  extremely  compact  and 
bright  center — indicating  a denser  concen- 
tration of  stars  than  normal — that  could  be 
evidence  for  the  black  hole’s  existence.  But 
for  something  more  conclusive,  Johns 
Hopkins  astronomer  Holland  Ford  and 
the  Faint  Object  Spectrograph  team 
plan  to  peer  into  M87  and  measure  the 
motions  of  stars  within  the  core.  If  a 
massive  black  hole  really  is  there,  its  gravi- 
tational influence  on  these  stars  should  be 
readily  apparent. 

While  M87  s energy  output  is  stagger- 
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ing,  there  are  plenty  of  galaxies  chat  make 
It  look  came  by  comparison,  HST  s look  at 
the  processes  in  these  powerhouses  might 
tell  us  why  they  are  different  from  'nor- 
mal" galaxies.  Is  it  because  rhey  contain 
enough  gas  to  keep  their  central  black  hole 
"engines  ' steadily  fueled?  Are  these  so- 
called  active  galaxies  really  many  galaxies 
that  have  merged  in  the  past? 

The  same  techniques  that  may  unmask 
a black  hole  within  MSI  could  reveal 
them  lurking  in  the  center  of  many  'nor- 
mal" galaxies  (including  our  own)  and 
even  in  some  globular  clusters.  It  may  be 
that,  as  astronomers  are  beginning  to  sus- 
pect, there  is  no  such  thing  as  a normal 
galaxy  after  all. 


hen  we  look  out  at  the  universe, 
mJiM  we  look  back  in  time.  In  chat 
sense,  the  largest  telescopes  are  time  ma- 
chines. They  show  us  the  universe  not  as 
it  is,  but  as  it  was.  In  the  1960s,  the  giant 
Palomar  reflector  gave  us  our  first  look  at 
quasars,  strange  creatures  from  the  early 
days  of  the  universe.  On  photographic 
plates  they  appeared  as  s carl  ike  points  of 
light,  and  at  first  astronomers  were  sure 


they  were  located  within  our  own  galaxy. 
But  none  of  die  signatures  of  familiar  ele- 
ments could  be  found  in  their  spectra.  It 
was  Caltech's  Maarten  Schmidt  who  real- 
ized the  reason:  the  spectral  lines  had  been 
displaced  by  huge  redshifts,  meaning  that 
the  quasars  were  extremely  far  away,  and 
were  moving  away  from  us  at  enormous 


“There's  going  to  be 
jillioas  of  stars  we  haven't 
seen  before.” 


speeds.  To  be  visible  across  such  vast  dis- 
tance they  also  had  to  be  putting  out  awe- 
some amounts  of  energy — 100  ti  mes  the 
output  of  the  entire  Milky  Way 
galaxy — from  a region  no  bigger  chan  a 
single  star.  Compared  to  a quasar,  even  a 
galaxy  like  M87  is  a quiet  place. 

Quasars  are  so  distant  that  astronomers 
cannot  know  exactly  how  distant  they  are 
without  first  resolving  the  uncertainties  in 
the  rate  of  expansion  of  the  universe.  Ac- 


cording to  estimates,  the  light  we  receive 
from  the  most  remote  quasars  may  have 
begun  its  journey  as  long  as  1 5 billion 
years  ago,  perhaps  only  a couple  of  billion 
years  after  the  Big  Bang,  In  these  brilliant 
beacons  we  see  the  universe  in  near- in  fan- 
cy. Astronomers  suspect  that  quasars  may 
be  the  bright  cores  of  ancient  galaxies,  but 
until  HST  gets  a look,  most  of  them  re- 
main specks  of  flizz  on  photographs. 

“I'm  pretty  sure  that  we  will  see  galaxies 
[around]  all  of  them,"  says  Duccio 
Macchetto,  whose  Faint  Object  Camera 
will  provide  the  most  detailed  images. 

By  revealing  what  quasars  look  like  in 
detail,  HST  should  answer  astronomers' 
most  basic  question  about  them:  Are  they 
a strange,  extinct  species  with  no  link  to 
modern-day  galaxies?  Or  do  they  represent 
an  early  evolutionary  stage — perhaps,  as 
Albert  Boggess  suggests,  the  “terrible 
two's"  of  a galaxy’s  life? 

How  galaxies  came  into  being  is  a mat- 
ter of  great  debate  among  astronomers. 
Macchetto  favors  the  view  that  they 
formed  from  small  bodies  that  coalesced  to 
become  progressively  larger  objects.  If  he’s 
right,  the  HST  images  could  show  ancient 
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galaxies  every  bit  as  strange  in  their  way  as 
pre-Cambrian  fossils— galaxies  with  two, 
three  or  even  four  nuclei,  afloat  in  a spray 
of  newly  formed  stars.  There  could  be 
galaxies  in  die  process  of  merging  with  one 
another  and  other  strange  forms  that  exist- 
ed only  in  some  ancient  time*  before  they 
assumed  more  familiar  shapes.  Ultimately 
we  may  learn  that  quasars  and  other  types 
of  extremely  luminous  galaxies  are  the  an- 
cestors of  our  own. 

Dn  1939,  when  the  82 -inch  telescope  at 
the  McDonald  Observatory  in  Texas 
was  dedicated,  Otto  Struve,  one  of  the 
greatest  astrophysicists  of  his  day*  predict- 
ed what  it  would  do.  He  was  wrong  on 
every  count*  Since  then  the  science  of  as- 
tronomy has  been  transformed  again  and 
again  by  new  finds  raising  new  questions. 
Consider  the  discoveries  of  the  last  two 
decades.  Astronomers  have  learned  of  the 
probable  existence  of  black  holes,  stars  so 
massive  that  not  even  light  can  escape 
from  them.  There  are  objects  in  deep  space 
that  act  as  gravitational  lenses,  distorting 
the  images  of  quasars  beyond*  On  the 
largest  scales  we  can  observe,  galaxies  con- 


gregate in  supercl usrers  arranged  around 
vast  empty  spaces  like  cosmic  soap  bub- 
bles* Ninety  percent  of  the  mass  in  the 
universe  may  be  taken  up  by  matter  we 
cannot  see.  Each  of  these  revelations  came 
while  the  Space  Telescope  was  taking 
shape.  No  wonder  that  everyone  connected 
with  the  project  says  that,  as  with  every 
other  major  telescope,  its  most  important 
discoveries  are  the  ones  we  can't  predict* 
Despite  the  general  expectation  that 
HST  will  discover  whole  new  classes  of  ob- 
jects, astronomers  won't  be  able  to  sweep 
the  heavens  at  random,  looking  for  some- 
thing completely  unexpected.  Aside  from 
the  demands  on  the  telescope  s time,  none 
of  the  instruments  observes  enough  sky  to 
make  that  practical.  The  Wide  Field/Plan- 
etary Camera  has  the  widest  field  of  view 
on  the  telescope,  but  ’ wide"  in  this  case  is 
an  overstatement*  If  you  hold  a dime  at 
arms  length,  the  middle  of  the  o in  "one" 
is  the  same  si/.e  as  the  patch  of  sky  pho- 
tographed by  the  WFPC  in  its  "wide 
field"  mode.  In  astronomical  parlance, 
that’s  a little  under  3 minutes  of  arc,  a tiny 
fraction  of  the  area  covered  by  a single 
photographic  plate  from  a ground -based 
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sky  survey.  Nevertheless,  Westphal's  group 
plans  to  use  the  WFPC  for  a "mini-sur- 
vey," just  to  see  what’s  out  there.  They'll 
aim  HST  at  the  emptiest  patches  of  sky 
they  can  find,  and  take  exposures  just  over 
38  minutes  long — the  longest  possible 
in  one  orbit.  Westphal  says  there’s  no 
point  in  guessing  what  the  pictures  will 
show,  but  hes  certain  they  will  be  among 
the  most  sought-after  of  HST’s  images. 
“Everybody  s going  to  be  grabbing  a copy 
of  the  data,  and  playing  with  it  their  own 
way  on  their  own  terminal."  Westphal  s 
team  of  astronomers  will  be  like  kids  on 
Christmas  morning. 

n his  desk  at  the  Institute  for 
Advanced  Studies,  John  Bahcall  has 
a piece  of  paper  beating  a quote  from  the 
Old  Testament:  "If  you  want  to  tell  lies, 
you  should  tell  them  about  things  that  are 
far  away/’  Perhaps  HSTs  main  mission  is 
to  find  out  whether  we  ve  been  telling 
ourselves  lies  about  the  way  the  universe 
works.  Big  Bang  cosmology  says  that  the 
universe  is  expanding  like  raisin  bread  ris- 
ing in  the  oven.  Wherever  you  are,  the 
farther  away  you  look,  the  faster  the  raisins 
recede  from  you,  carried  by  the  expanding 
dough.  The  sight  of  galaxies  rushing  away 
from  us  at  ever  faster  rates  the  farther  we 
look  appears  to  confirm  this.  But  despite 
tremendous  effort,  astronomers  cannot 
measure  the  rate  of  that  expansion  accu- 
rately, because  it's  so  difficult  to  determine 
distances,  even  to  the  nearest  stars.  What 
astronomers  call  the  cosmic  distance  ladder 
is  a rickety  one;  each  rung  is  an  assump- 
tion. As  a result,  current  estimates  of  the 
race  of  expansion  of  the  universe  vary  by 
100  percent.  Nor  are  we  certain  of  another 
crucial  piece  of  information,  the  rate  at 
which  this  expansion  is  slowing  down. 

The  key  to  the  cosmic  distance  ladder  is 
a type  of  star  called  a Cepheid  variable, 
whose  true  brightness  can  be  found  by 
measuring  the  length  of  one  cycle  of 
variation  of  its  apparent  brightness. 

Once  we  know  how  bright  it  really  is, 
we  know  how  far  away  it  is. 

Earth  bound  telescopes  can  spot 
Cepheids  only  in  the  nearest  galaxies, 
but  they  are  far  from  ideal  measuring 
posts;  the  closeness  of  these  galaxies 
means  that  they  are  receding  from  us 
relatively  slowly.  It  is  difficult  to  distin- 
guish their  recessional  velocities  from 


their  own  random  motions. 

But  if  HST  performs  as  well  as  expect- 
ed, it  should  be  able  to  spot  Cepheids  in 
the  Virgo  cluster  of  galaxies  40  million 
light  years  distant,  where  recessional  veloc- 
ities far  outweigh  random  morions.  That 
will  help  astronomers  slowly  chip  away  at 
the  uncertainties  in  the  expansion  of  the 
universe.  And  that,  says  John  Bahcall,  may 
be  the  point  at  which  we  realize  we've  got 
it  all  wrong. 

Til  give  you  an  example  of  something 


crazy  that  Space  Telescope  could  find.”  Just 
suppose,  he  says,  that  HSTs  results  say  the 
expansion  rate  is  different  depending  on 
which  direction  you  look.  That  would 
throw  our  accepted  notions  of  cosmology 
in  doubt. 

But  Bahcall  says  that's  only  too  possible. 
Tm  uncomfortable  with  the  idea  that  the 
enti  re  fate  of  the  universe  from  its  incep- 
tion to  its  ultimate  evolution  is  deter- 
mined by  a single  set  of  finite  equations, 
that  there  are  no  unknowables,  and  that’s 
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all  there  is  to  it." 

Tlie  Space  Telescope’s  greatest  impact 
may  be  to  add  the  Big  Bang  to  a long  line 
of  mistaken  cosmologies,  from  that  of  the 
ancient  Hindus,  who  believed  that  the 
Earth  rested  on  the  backs  of  four  elephants 
who  stood  on  a giant  tortoise  swimming 
in  a river  of  milk,  through  Ptolemy’s 
Earth -centered  universe.  It  was,  after  all,  a 
telescope  that  toppled  Ptolemy's  cosmo- 
logy— a telescope  built  by  Galileo, 

or  all  their  anticipation  of  what  the 
Space  Telescope  will  tell  them,  the 
astronomers’  biggest  hope  right  now  is 
simply  that  it  will  work.  As  O'Dell  says* 

"It  s only  a machine*  and  machines  can 
break/’  Right  down  to  its  last  few  months 
on  Earth,  the  complex  spacecraft  was 
still  causing  headaches  for  its  creators. 

Last  fall  technicians  discovered  soldering 
flaws  in  the  guts  of  the  Wide  Field/Plane- 
tary Camera.  Had  they  gone  undetected 
before  launch,  it  would  have  been  only 
a matter  of  time  before  the  WFPC 
stopj^ed  working. 

"That  was  pretty  scary,"  Westphal  says, 
'We’d  run  8,000  hours  of  operating  time 
with  never  a glitch,  and  then  all  of  a sud- 
den these  bid  solder  joints  showed  up.  It 
was  a low- technology  problem.  After 
8*000  hours  who’s  going  to  worry  about 
bad  solder  joints  anymore?” 

HST  was  designed  to  be  brought  back 
to  Earth  for  repairs  if  necessary',  but  tight 
schedules  for  the  space  shuttle  mean  that 
option  may  not  always  be  available  when 
needed.  Most  astronomers  are  resigned  to 
the  idea  that  the  telescope  won  t function 
perfectly.  Holland  Ford  says,  "I  think  it's  a 
safe  prediction  that  everything's  not  going 
to  work.  The  big  question  is,  how  much  of 
it  will  work?” 

"You  always  worry,”  Westphal  says.  "1 
worry  about  chat  now.  We’ll  ail  go  down 
to  the  Cape  and  watch  this  thing  launch, 
and  there'll  be  20  minutes  when  all  of  us 
will  have  our  heart  in  our  hands.” 

After  that  ordeal  of  fire  and  noise  is  fin- 
ished, and  after  the  months  of  testing  are 
over,  the  astronomers  will  come  to  the  mo- 
ment some  have  given  20  years  of  their 
l ives  to  make  a reality  ‘I  think  V m going 
to  have  so  much  flin  it’ll  be  like  being  let 
alone  in  a toy  store  at  night  with  nobody 
else  around,"  Bahcall  says.  "1  don't  dream 
about  anything  in  particular;  I just  dream 


about  having  good  data.  If  the  instrument 
operates  properly,  then  we' 11  all  have  a fab- 
ulous time/'  LJ 
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of  an  arc  second  for  up  to  24  hours.  That 
job  will  be  done  by  the  Fine  Guidance 
Sensors,  which*  according  to  former  HST 
Project  Scientist  C.  Robert  O’Dell,  are 
"wonderfully,  horribly  complex,  and  at  the 
same  time  simple  devices/1  They  are  the 
most  complex  part  of  the  entire  spacecraft. 

While  the  technology  for  HST  is  on  a 
par  with  that  used  in  mil  Star)'  reconnais- 
sance satellites,  the  similarity  is  only  su- 
perficial. No  spy  satellite  faces  the  same 
stringent  pointing  requirements.  And 
HST  s need  to  observe  extremely  faint 
objects — millions  of  times  dimmer 
than  the  dimmest  stars  visible  to  the 
naked  eye — meant  that  astronomers  had 
to  develop  entirely  new  instruments, 
many  of  which  required  advances  in  the 
state  of  the  art. 

The  Space  Telescopes  instruments  are 
similar  in  design  to  what  you’d  find  in  a 
mountain  top  observatory,  and  that  is  no 
coincidence:  Much  of  the  technology  for 
today's  detectors  was  developed  for  HST. 

A case  in  point  is  the  workhorse  of  the 
telescope’s  instruments,  the  Wide- 
Field/Planetary  Camera  (WFPC),  which 
makes  use  of  an  electronic  sensor  called  a 
charge-coupled  device  (CCD).  In  the  late 
1970s,  when  HST's  design  was  finalized, 
CCDs  were  a relatively  untried  technolo- 
gy, and  O'Dell  remembers  taking  a deep 
breach  when  the  decision  was  made  to  use 
them.  Since  then,  CCDs  have  been  in  use 
in  observatories  across  the  United  States, 
largely  because  prototypes  built  for  the 
space  Telescope  were  made  available  to  as- 
tronomers* Electronic  sensors  have  all  but 
replaced  conventional  film  cameras  in  pro- 
fessional observatories,  and  for  good  raison. 
Photographic  film  has  a "quantum  effi- 
ciency" — -that  is*  the  fraction  of  incoming 
photons  that  are  recorded — of  around  2 or 
3 percent*  CCD’s  deliver  a whopping  80 
percent*  and  unlike  film  they  do  not  lose 
efficiency  over  very  long  exposures. 
Switching  from  film  to  one  of  these 
electronic  cameras  is  the  equivalent  of  in- 
creasing a telescopes  area  40  times. 


Join  the  New  Space  Race. 

The  National  Space  Society  is  dedicated 

TO  THE  CREATION  OF  A SPACEFARING  CIVILIZATION — 
ONE  THAT  WILL  LIVE  AND  WORK  IN  SPACE. 


^V^hen  you  join  the  National  Space 
Society,  you  become  part  of  an 
organization  that  works  to  promote 
space  exploration  and  development. 

As  a member  of  NSS,  you  will  receive 
Ad  Astra , our  monthly  magazine  on 
space  exploration.  But  the  action  doesn’t 
stop  there.  You’ll  get  invitations  to 
special  NSS  events  and  you  can  join 
your  fellow  members  on  our  exclusive 
Shuttle  Launch  Tours  and  at  our 
national  conferences.  Call  our  special 
900  Dial-A-Shuttle®  service  or  our 
Space  Hotline  for  up-to-the-minute 
space  news.  Join  one  of  our  120 
chapters — or  create  a new  one. 

To  become  a member  of  the  National 
Space  Society,  fill  out  the  postcard  and 
mail  it  today. 

And  join  the  new  space  race. 


THE  INCREDIBLE 
TIME  MIRROR 

Hubble  will  allow  scientists 
to  see  14  billion  light  years 
into  the  past  and  reveal  the 
secrets  of  the  universe. 
Celebrate  this  momentous 
launch  with  an  outstanding 
collectors  package  specially 
compiled  by  Final  Frontier. 

SET  INCLUDES: 

1 00%  cotton 

T-shirt  or  Sweatshirt 

(with  striking _/h//  color  art) 
Official  Mission/Project 
Patch  and  Pin 

ONLY: 

$24.95/T-SHIRT  or 
$34.9 5/SWEATSHIRT 
Specify  S,M,Lg,X-Lg 
Please  add  $2.00  for  S/H. 

TO  ORDER  CALL 
TOLL  FREE 
1-800-2TLUNAR 

or  send  check/money  order  to: 

Final  Frontier 
Hubble  Collection 
2400  Foshay  Tower 
Minneapolis, 

MN.  55402 

Please  allow  4-6  weeks  for  delivery 


NASA  astronomer  Albert  Boggess,  who 
took  over  as  HST  Project  Scientist  in 
1985,  says  that  while  this  spinoff  has  bene- 
fited astronomers,  J5t  also  means  that  in  a 
sense  we’ve  created  our  own  competition 
on  the  ground,  ant!  they’re  now  ahead  of 
us!"  But  whatever  the  edge  ground-based 
astronomers  have  gained,  they  cannot 
match  HSTs  detail  or  its  ability  to  see  into 
the  ultraviolet.  To  astronomers  interested 
in  die  processes  that  power  stars  and  active 
galaxies,  ultraviolet  is  where  the  action  is. 

If  the  WFPC  is  HSTs  workhorse,  then 
the  Faint  Object  Camera  (FOC),  the  Euro- 
pcxn  Space  Agency’s  main  contribution 
to  the  telescope,  is  its  virtuoso  performer. 

It  will  see  the  faintest  objects  and  the 
finest  details.  In  its  highest  resolution 
mode  it  surveys  an  area  less  than  four  arc 
seconds  square,  or  rhe  size  of  a dime  seen 
from  three  quarters  of  a mile  away;  Pluto 
and  its  satellite  Charon  will  fit  neatly 
within  the  frame. 

But  in  astronomy,  pictures  only  tell 
part  of  the  story.  The  spectrum  of  a star 
or  galaxy  is  what  reveals  its  composition, 
temperature  and  the  physical  processes 
going  on  inside  it.  HST  carries  two  spec- 
trographs, one  for  faint  objects  and  another 
that  sacrifices  sensitivity  for  the  ability 
to  split  starlight  from  brighter  objects 
extremely  finely 

Last,  but  not  least,  is  the  High  Speed 
Photometer.  Atmospheric  turbulence 


hampers  astronomers’  efforts  to  measure 
extremely  rapid  changes  in  a stars  or 
galaxy's  light.  But  this  instrument,  which 
has  no  moving  parts,  will  be  able  to  record 
changes  occurring  in  a span  of  microsec- 
onds. To  make  the  most  of  the  Space  Tele- 
scope s time,  the  instalments  are  mounted 
so  that  more  than  one  can  operate  simulta- 
neously The  Faint  Object  Spectrograph, 
for  example,  can  gather  spectral  data  on 
stars  in  the  core  of  a galaxy  while  the 
WPPG  records  images  of  the  galaxy’s  halo 
of  globular  clusters. 

The  combination  of  the  pointing  sys- 
tem s accuracy  and  the  sensiciviry  of  the 
instruments  is  what  gives  Space  Telescope 
its  extraordinary  power.  The  telescope's 
pointing  system  is  so  precise  that  it  can 
interrupt  a long  exposure  of  a distant  tar- 
get and  come  back  to  it  later,  without 
being  so  much  as  a single  picture  element 
out  of  register.  The  Fine  Guidance  Sensors 
also  will  act  as  scientific  instruments  when 
astronomers  use  them  to  measure  star  posi- 
tions with  unprecedented  accuracy. 

The  Space  Telescope  is  designed  to 
operate  for  1 5 years,  but  the  hope  is  that 
the  observatory  will  last  decades.  Each  of 
its  instruments  is  designed  for  easy  re- 
moval by  space  shuttle  astronauts,  and 
astronomers  already  are  developing  the 
more  advanced  instruments  that  will 
take  their  place. 

—Andrew  Chaikin 
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Lunar  Observatory 
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our  own  Solar  System,  but  in  theory  i t 
could  see  features  on  Pluto  as  small  as  an 
office  building.  The  surface  structure  of  as- 
teroids and  cometary  nuclei  would  be  easi- 
ly within  its  grasp,  with  resolutions  down 
ro  a few  feet. 

If  we  flip  the  switch  today,  according 
to  recent  NASA  thinking,  asrronauts 
could  be  placing  the  first  telescopes  on  the 
Moon  sometime  between  2001  and  2004. 
This  presumes  a small,  four-person  lunar 
base  and  a fully  automated  telescope  pack’ 
age.  The  big  telescopes  would  come  later, 
as  the  base  grows — perhaps  20  or  25 
years  from  now. 

But  does  lunar  astronomy  have  to  wait 
until  the  humans  arrive?  Not  necessarily 

Stripped  down  to  its  essentials,  a lunar 
observatory  could  consist  of  an  automated 
telescope  (built  and  packaged  to  be  as 
lightweight  as  possible)  plus  a suitable 
power  supply,  a lander  and  a launch  vehi- 
cle to  get  it  all  to  the  Moon. 

"My  own  view,"  says  Michael  Mu  mm  a 
of  NASA's  Goddard  Spaceflight  Center, 
who  chaired  a recent  conference  on  lunar 
observatories,  "is  that  one  would  start 
doing  astronomy  on  the  Moon  by  soft- 
landing  robotic,  small  observatories.  I 
don't  think  you  need  to  have  a human 
there  to  put  them  in  place/' 

How  big  a telescope  could  we  land 
on  the  Moon  using  only  robotics?  The 
Soviet  Lunokhod  2,  which  weighed  nearly 
a ton,  went  motoring  around  the  lunar 
landscape  collecting  rocks  for  four  months 
without  a single  hitch.  And  that  was 
nearly  1 7 years  ago. 

The  real  advances  in  lunar  astronomy, 
however,  will  come  when  settlers  and  con- 
struction crews  are  living  there  permanent- 
ly. At  some  stage  between  the  first  spartan 
Moonbase  and  a spreading  underground 
hamlet — complete  with  monorail  taxis 
and  secessionist  politics — an  array  of  lunar 
telescopes  will  dot  the  landscape. 

And  that  prospect  clearly  pleases  a veter- 
an telescope  observer  like  Harlan  Smith,  "It 
is  the  long-range  future  of  astronomy,"  he 
says.  "The  Moon  is  where  you  want  to  be." 

□ 

Robert  Powers'  most  recent  hook  is  Mars: 

Our  Future  on  the  Red  Planet,  published  by 
Houghton  Mifflin , 
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So  in  the  end,  che  lasting  effect  of 
" Scrub  H89'*  was  more  a rescheduling  than 
a reduction  of  the  project.  "Truly  should 
be  complimented  for  doing  a reality 
check,"  said  one  influential  congressional 
staffer.  “NASA  was  never  going  to  get 
what  it  requested.” 

If  anything,  the  situation  will  be  worse 
this  year.  As  a new  round  of  budget  hear- 
ings gets  underway  this  spring,  few  on 
Capitol  Hill  believe  the  space  station  will 
get  the  full  $2.7  billion  its  managers  say 
they  need,  particularly  with  other  projects 
like  the  new  Earth  Observing  System  com- 
peting  for  start-up  money.  Once  again, 
NASA  managers  will  have  to  defend— and 
maybe  amend — their  plans  for  Freedom. 

As  for  Kohrs,  he  plans  to  stay  with 
Freedom  for  a "long  time.  Tm  dedicated  to 
that.”  But  this  mild-mannered  career  man, 
who  has  spent  most  of  his  professional  life 
on  the  Apollo  and  shuttle  programs,  won  t 
say  with  equal  conviction  that  the  Langley 
episode  is  completely  behind  him. 

'I  can't  tell  you  what  the  circumstances 
will  be  next  year,”  he  said,  sitting  in  his  of- 
fice, with  its  spectacular  view  of  Capitol 
Hill,  "You  may  have  a major  technical 
problem  next  year.  ' Or,  of  course,  another 
budget  setback.  That,  after  all,  has  become 
a familiar  part  of  the  landscape,  □ 

Lori  Keesey  is  a freelance  writer  and  former 
editor  at  Space  Commerce  Bulletin. 


Great  Observatories 

continued  from  page  31 

with  a SI  .2  billion  price  tag.  If  plans  go  as 
scheduled,  AXAF  will  be  launched  from 
the  shuttle  in  mid-  to  late  1996,  The  last 
U.S.  x-ray  satellite,  the  Einstein  Observa- 
tory, ceased  working  in  1981.  AXAF  will 
detect  high-energy  radiation  involved  in 
such  processes  as  the  birth  and  death  of 
stars,  black  holes,  hot  intergalactic  gas  and 
the  diffuse  cosmic  background. 

The  last  of  the  Great  Observatories  to 
reach  orbit  will  be  the  Space  Infrared  Tele- 
scope Facility.  Although  feasibility  studies 
have  been  done  and  research  teams  chosen, 
SIRTF  has  not  yet  been  proposed  as  a "new 
start"  in  NASAs  budget.  If  funded,  the  in- 
strument will  be  slated  for  launch  some- 
time in  late  1998  or  early  1999- 

SIRTF,  expected  to  cost  $800  million,  is 
designed  to  look  at  some  of  the  coolest  ob- 
jects in  space.  Astronomers  hope  its  three 
onboard  instruments  will  reveal  informa- 
tion about  star  formation  and  the  existence 
of  other  solar  systems  over  che  course  of  its 
five-year  lifetime.  SIRTF  will  follow  up  on 
the  work  of  the  Infrared  Astronomical 
Satellite  (IRAS),  which  conducted  the  first 
infrared  all-sky  survey  and  found  some 
300,000  objects  before  it  ended  operations 
in  1983.  The  instrument  should  also  be 
able  to  shed  light  on  the  earliest  stages  of 
galaxy  formation  and  on  quasars,  which 
are  among  the  most  powerful  sources  of 
radiation  in  the  universe.  — Karen  Hartley 
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can  be  swapped  for  a new  one  when  neces- 
sary. Because  of  the  deck  and  attic,  the  in- 
terior of  the  main  module  will  be  about 
ten  feet  smaller  than  the  U.S.  or 
European  modules  — not  surprising, 
considering  the  Japanese  skill  in  getting 
maximum  use  from  limited  space. 

Like  Japan,  Europe  has  no  intention 
of  being  left  behind  in  the  space  station 
era.  Despite  overwhelming  political 
and  logistical  problems,  the  European 
Space  Agency  (ESA)  has  anticipated  the 
approaching  unification  of  western 
Europe  with  an  ambitious  space  agenda 
of  its  own.  On  flight  twenty,  Europe's 
major  contribution  to  the  station  will 
arrive  — Columbus,  Freedom  s last 
major  component. 

Columbus  will  be  roughly  the  same  size 
and  shape  as  the  U.S.  modules,  and  is 
based  on  the  Space! ab  attached  laboratory 
that  now  flies  in  the  shuttle  cargo  bay. 

ESA  will  staff  the  module  with  two  crew 
members,  and  will  use  it  as  a foundation 
for  either  expanding  European  presence  on 
Freedom  or  building  a separate  station  of 
its  own  in  the  future. 

Over  die  next  seven  months,  nine  more 
shuttles  will  haul  up  the  supplies  necessary 
to  operate  the  station  — racks  of  experi- 
ments, spare  parts,  food,  oxygen  and,  of 
course,  Freedom's  first  full  international 
crew  — eight  people  who  will  be  among 
the  first  of  a growing  group  lucky  enough 
to  live  and  work  on  the  most  remote  of 
all  outposts. 

A thousand  years  ago,  the  construction 
of  great  cathedrals  marked  the  end  of  the 
millennium  — a way  of  preparing  for  the 
Day  of  Judgment  that  many  thought  was 
soon  to  come.  Freedom  is,  perhaps,  a kind 
of  new  age  cached  rah 

Certainly  it  is  a monument,  if  not  to  Ar- 
mageddon, then  to  an  ancient  desire  that 
still  draws  us,  very  literally,  heavenward. 

If  schedules  hold,  the  space  station's  first 
crew  will  pass  rhe  final  summer  of  this 
millennium  gazing  down  upon  the  world 
of  their  origin,  and  perhaps  will  see  it  in  a 
new  light.  In  some  small  sense,  it  will  no 
longer  be  our  only  home. 

Chip  Walter  is  a Los  Angeles  area  writer 
and  film  maker  who  would  give  anything  to 
live  and  work  on  the  space  station ■. 


SPACE 

Alamogordo 


FEATURES 

FOUR  FLOOR  SPACE  MUSEUM 
OMNIMAX®  THEATER 
AIR  AND  SPACE  PARK 
ASTRONAUT  MEMORIAL  GARDEN 
SHUTTLE  CAMP 

in -state 

out-of-state  1-800-634-6438  0! 
1-800-545-4021  1 -505-437-284C 

Please  cell  (of  a free  Information  packet, 


CENTER 

New  Mexico 


THIRTY-ONE 

Shuttle  Mission  Club  IV 

Final  Frontier's  Shuttle  Mission  Gub  IV 
featuring  the  launch  of  the 
Hubble  Space  Telescope. 

Hurry  supplies  are  limited. 

You  recteve: 

Mission  highlights  video 

(including  post  mission  con  fere  neej 
Press  kit 

Orbital  track  map 
Flight  plan 
Crew  photo 
Mission  patch 
Storage  binder 


a 


Jusc  fill  out  this  coupon  and  return  ro: 

FINAL  FRONTIER  SHUTTLE  CLUB  IV 
2400  Foshay  Tower  Minneapolis,  MN  55402  FAX#  (612)332-0034 
OR  CALL  TOLL  FREE  1 (800 )2^ -LUNAR  FOR  FAST  DELIVERY. 

! Rush  me  my  STS -3 1 Shuttle  Club  IV  for  only  $44*95  +$3*00  S/H 
M ETHOD  of  PAYMENT 

O Check/money  order  0 Visa  O M/C  □ Am.Ex. 


(plcuq  pf  im) 


phone  credi  ,t  card  na.  Exp.  Dale 

For  Canadian  surface  shipment  add  $5 .00,  overseas  add  $8.00  Allow  at  least  4 weeks  after  completion  of  mission. 
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Classifieds 


SPACE  COLLECTIBLES  j 

SHUTTLE  FORWARD  INSTRUMENT  PANEL/POSTERS  - 
- (I4h  x 35")  designed  for  defunct  space  iheme  park 
neor  KSC.  Send  check  for  $18.75  c/o  RIO 
BANANA  TRADING  COMPANY,  414  Skylark  Blvd., 
Saieilitc  Beach,  FL  32937 


SPACE  SHUTTLE  PROGRAM  excising  NASA  color  prints 
collection.  For  catalog  arid  sample  send  $1.50  io 
SPACE  COLLECTION,  Box  701  '5,  Cape  Conaverol, 
FI  32920 


FREE  USSR  SPACE  DECALS!! 

Offkiol  Glavkosmos  Designs 
Send  for  our  complete  Spate  Pin  & Patch  Catalog 
i ml  tiding  EXCLUSIVE  Soviet  Offkiol  Pins/Palches/ 

NASA  30-yr  Collodion  £ get  3 FREE  INTERKOSMOS 
Insignia  decals,  CLOSING  OUT  final  inventory 
of  many  Limited  Edition  NASA  Pins,  Postmark  any 
FIRST-TIME  Order  in  1989  and  receive  20%  DISCOUNT 
PLUS  - NEW  YEARS  BONUS'!  FREE  with  ANY  order  from 
our  ta lalog  hefo re  Febru ary  -Soviet  I NTE RKQSMOS  I 
decal  SET.  . . PLUS  BURAN  EMBLEM! 

SPACECOM  INTERNATIONAL,  22653  Pacific  Coasl  Hwy  #1 17 
Malibu,  CA  90265 

Send  S2  for  inl  l catalog  deductible  from  order  i 


GROW  SPACE  SEEDS.  Flown  zero-g,  3300  kph , 
20km.  Ideal  for  science  projects, research,  etc.  Packet 
$2.50.  Geyer,  1501  Roosevelt  Ave,  F*1 , Carteret,  MJ 
07008. 


COLLECTORS 

PATCHES  • TACS  • DECAIS  • ETC 


for  Catalog  Send  $2.00  To; 
Sky  Patch  Enterprises 
P.O.  Box  3339,  Dept.  F 
Lompoc,  CA  93438 


Oafs ide  USA  $3,00  US  Currency 


SKY  ROCKS-Aduol  certified  space  lektiie  meleoriles. 
Pieces  of  other  worlds,  cornels,  o steroids  $5.50. 
Geyer,  1501  Roosevelt  Ave,  F-l  r Carterel,  NJ  07008. 


METEORITES ! 

Rare  space  collectibles,  Irons.  Stones.  Stony- 
irons. Tekl lies.  Space  jewelry,  books,  metal  detec- 
tors Authentically  guaranteed  Catalog  $2 
Bethany  Trading  Co  . , . _ 

P.O.  Box  3726  F ft  WUW  SfAPf 

New  Haven  CT 

06525  * (203)393-3395 


PINS 


, AEROSPACE  JEWELRY 

| MORE  THAW  250  FULL  DIMENSION 

I AIRCRAFT  PINS.  WWI.  VYWll.  KOREAN  & 

VIETNAM  ERA.  AS  WELL  AS  SHUTTLE 
MISSION  CLOISONNE  PINS  SENO 

I S3  95  FOR  FULL  COLOR  PHOTOS  & ORDER  FORM 
MONEY  BACK  IF  NOT  FULLY  SATISFIED 
ADSCO  OF  CA..  DEPT.  F/F,  P.O  BOX  19279.  L A . CA  90019  " 

^ DISTRIBUTOR  INQUIRIES  WELCOME  t 


SPACE  S,  ASTRONOMY  DESIGNS 

□N  HEAVY-WEIGHT 
T-SHIRTS  + SWEATS 

CALL  OR  WRITE  FOR  FREE  CATALOG 

tale-do  nun  Graphics  , 

Dipt  E. 

PO  Bpi  875.  ^mhvihiilk,  FI  342B3 

1-000-223-46 07 


SPACE  POEMS 


SPACE 

Poets  of  all  ages  are  en- 
couraged to  send  their 
space  poems  for  possible 
publication.  (All  poems 
returned.)  SEND  TO: 

Adlai  Hatcher,  P.O.  Box 
75075,  Wash.  D.C.  20013. 

POEMS 


BUSINESS  OPPORTUNITIES 

PERSONAL  COMPUTER  OWNERS  CAN  EARN 
$ 1000  lo  $5000  month iy  selling  simple  services  pari 
time.  Free  list  of  1 00  best  services.  AJ.M.D.M.,  Box 
60369,  San  Diego,  CA  92 1 06 

ROCKETRY  " 


BUILD  YOUR  OWN  SOLID 
FUEL  ROCKET  MOTORS! 


• UP  TO  80  POUNDS  THRUST  USING  SIMPLE 

• LOCALLY  AVAILABLE  MATERIALS  FOR  JUST 

• PENNIES  APIECE! 

1 hunt-in  inll1  iikiilur-H  git  Icpcllicr  l|4ltekly.  L'.vl-  hninLiiiinEi.'  f+Tlil- 
i #-LT,'c1i;hrL  ii;il  fin'I.  MndlMljr  EhiithLimtMif  Cn  l Inf  in  I ill  if  ji->  ;i 

SKVBK  1KN1.S  prr  MftlUtKpm MACll  If 

Write  rn«-  *i ur  i-ulab^Le  of  bintifcs  & pluns.  urtd  *wvil  sljlU  i 
il  uurHdfl  sSiUpk'  nr  5i  tnitiEinajidccIrk  rt*kt!  i^niltT  A 
tudeh  j hhj  hunt  lit  niakr  j nur  ow  n bofunaik  riKkt-t  mutur  t 
inns,  dll  ei-iimi!  okMertab  you'll  [ind  uruuiitl  juur  Kmux. 

SEN  D J2.00'  TO: 

tk|H.  P2,  THE  TELET’MTE  COKl'ORA  l’tON, 
I tft20  Kin  hiinu  Street,  Moreno  Valley*  (.'A  ‘J2TH7 


JIRI 

(MJ 


DOCTOR  WERHNER  VON  BRAUN  S 


KtT  NO.  SFDE  Dt)1 
$56.95  includes  P/H 
VA  Res.  adV  4.5%  sales  lax 
A RESIN  KTI:  1/490  SCALE 
MODEL  HEIGHT:  7 INCHES 


D & E MINIATURES 

835  Holly  Hedge  Ave.  ■ Va  B*agh.  YA  23452  J 


VD£Q 

SPACE  FLOWN  MEMORABILIA  & VIDEOS 

ACTUAL  SPACE  FLOWN  Articles  utang  wflh  oclud  AFQUO 
CM  & LM  Hardware  & Apollo  Tracking  Chart  sit 

Over  dO  I Hr.  Mission  Videos  containing  ov&r  60 
MISSIONS.  Examples:  Apollos  1 0 & 1 1 r 1 2,  & 13,  14  S 
15,  1 6 ■£,  17;  Plus  oil  Shutllte  Missions  - ■ Only  $ \ 9 .95  each  1 1 
Apollo  / Shuttle  Press  Klis  & Flight  Pkms  avglablel ! 

STS  Press  Kiis  (into]  $ 10.00  FLIGHT  PLAN  $20.00 
AVD  767  St.  Michaels  Dr.Milchellville,  MD  2072  1 


SPACE  VIDEOTAPES 

Quality  NASA  produced  videotapes  on 
Apollo-Lunar,  Mercury,  Gemini,  Challenger,  end 
unmanned  probes  Mariner,  Voyager,  and  Viking 
Write  lor  our  FREE  illustrated  catalog  . 
SPECTRUM  Video,  Dept.  F 
PO  Box  3696,  Ontario,  CA  91761 


EDUCATION 


U.S.  SPACE  CAMP® 

Register  now  lor  a week 'long  60  venture  mio  astro- 
naut iraming  arid  smufaleti  Space  Shuttle  missions. 
Grades  d-6  lor  U.s.  SPACE  CAMP  Ifi  Alabama  and  | 
Florida  Grades  7-12  lor  U.S.  SPACE  ACADEMY-/ 
Write  U.S,  SPACE  CAMP  '89.  Bon  iG80. 

Honlswlie.  AL  35807,  or  call  UtfMree 
1*000-63 -SPACE.  nA'aMma  . i 

a : 205-337-3400. 


» 


COMPUTERS  & SOFTWARE 


The  unique  Howington  Orrery  has  arrived.  A 
planetarium  for  PC  compatibles.  Observe  planet  orbits, 
flights  of  bolh  Voyagers,  and  Holley's  comet.  You 
control  lime,  speed  and  size  of  your  own  liiile  universe. 
Send  $29.95  (CA  add  1,95  lax]  \o:  IOGIX 
DEVELOPMENT  C0RP. , 1 7 U9  Chatsworlh  #208, 

Granada  Hills,  CA  91344  [818|  3608147 


Hundreds  of  IBM  PC  Shareware  and  public  domain 
programs.  2 disc  sampler,  $5  | shipping/handling}. 
FREE  cola  log  and  coupon  SoFtWareHouse,  PO  Box; 
51  1 1 , Phillipsburg,  NJ  08865*51 11 


SCIENTIFIC  SOFTWARE  56 

FDR  IBM,  APPLE  & COMMODORE 

- PUBLIC  DOMAIN  - Astronomy,  Eartti  Science.  Geography.  Chemis- 
liy.  Mailt.  Physics,  Enmneerrna,  Statislrcs,  health,  Electrfcity  and 
more.  FREE  CATALOG  - Specify  IBM  or  Commodore,  $3  99  per  disk. 

- ASTROUIEW  - Planelanwn  and  database.  (Commodore  64/128  or 
Apple  llc/lle  with  6nk/B0  columns)  $39.95 

- JOVIAN  SYSTEM  SIMULATOR  - A simulation  ol  the  Galilean  Satel- 
lites of  Jupiier  (IBM  A compalihles)  $24.95 

For  info  write:  Andromeda  Software  I no. 

PO.  Bo*1361-Ft  Williams  villa,  HY1423M361 


FREE  ASTRONOMY  SOFTWARE  J 300+  programs 
and  databases.  From  NASA,  JPL,  space  industry  and 
academic  sources  FREE  calolog.  Stale  computer 
lype  Send  SASE:  PC-ASTRONOMY,  55  Hillside 
Road,  Sparta,  New  Jersey  07871 

WORLDS  LARGEST  sofiwore  library  for  IBM/ PC,. 
APPLE  He,  ffgs.  Free  Catalog  please  specify  computer 
type.  Write:  RELIANT,  PO  Box  33610,  Sheungwan, 
HongKong 


SPACE  CONVENTIONS 

SECOND  ANNUAL  Space  Col  be  tors  Convention  oi 
I he  Laurel,  Maryland  Holiday  Inn.  Safgrdoy,  May  5, 
1990.  For  infarmolion  write:  5 ASA,  1797  Cessna  St 
Carlisle,  PA  17013. 

BOOKS  A PERIODICALS 

POWERFUL  TELESCOPE.  Complete  plans  lor  building 
a 1 0"  reflector  on  o budget. Send  $5.95  lo  John  jossy 
754  Glenview  Dr  #308  B.  Son  Bruno,  CA  94066. 

BAFFLED  by  buying  binoculars?'  Our  booklet  can  help 
you  make  on  informed  purchase.  Send  $3.50  for 
'BINOCULARS-FFOr  TechSource,  PO  Box  21992, 
Charleston,  SC  29*2  13-9998  Also  available: 
‘TELESCOPES  F0V\ 


AUTHORS  WANTED  BY 
NEW  YORK  PUBLISHER 

Leo  ding  subsidy  book  publisher  seeks  manuscripts 
of  all  types:  fiction,  non-fiction,  poetry,  scholarly 
and  juvenile  works,  etc.  New  authors  welcomed. 
Send  for  free,  illustrated  40-page  brochure  H-120 
Vantage  Press.  & 16  W,  34  SL,  New  York,  N Y.  1 000 1 


JHan.-murtl  (.4  uwrrcntiip,  management  .inti  dmibllmn  IrcqujreU  by  J9 
l ’.St'.  .Wifi  fjf  FINAL  mONTIKR  puhtishtfl  hi'iiiomhly  ;n  Final  Knjfitk-r 
X'pH'intxf  21  r l®W.  General  Fiusmu**  ijftk'w  ol  I he  publisher  are 
kxvietl;n  2-irjo  Fo*Tuy  Tb^r  Minfustpoli*.  Mhinesma  W4A12,  Name  and 
jiTiircvt  of  pu-lili^her  is  William  R uciney . JUKI  h'osliay  Tower, 
ttlnittJpdf*,  MiiWiewQEa  5S4U2.  Name  and  addreMa  of  edilcr  i*  Ttmy 
Reiehhafdi.  I'.O.  Box  I1SI9.  Utah  In  ft  ton  [>.C  >im.hmh.  Owners,  UWN 
PuIjiKliuij!  Owpi  ml  ion , ‘SOSouili  S;tn  Gabriel  ISlvtl.,  PaHiderti.  Culifttiniu, 
■J I luff,  :ltkJ  tt'NtiJni  Komity,  2‘Kkj  Fostay  Town;  MiniKapulix.  Mirmesoia 
Known  fa  ind  holders.  and  tnhuT  sucuriiy  hf  hi  dvrs 

nu  n in  j;  or  holdinu  l pereenl  or  more  of  Ei?E:il  iiinnhiuH  of  Iwind*. 
iihiniM^-i.  onXlier  *l'c  unit  its:  Mtifte.  IT*'  average  nnmljernF  cofries  e-ieli 
i vine  [Jiiitiifi  rfit-  I'hJi-Li  Lliri}?  1 2 Ob Fiich*  arv-  (At  Tor,tl  number  rrf  wipiu* 
printed  HJ,77,1;  till  Faid.  tircul  al  km:  (If  Sales  tlmmuh  dealers  and 
earners,  siitvl  iciKkirs  anti  eounier  ^iitirs  2SA29.  <2>  Mail  j.idwcripEKVl* 
y.UiA;  HO  Tola  I paid  circulation:  46, -1 72;  (IVf  Five  iltslrilmtu  m fiy  mail, 
carrier  or  other  mean*  4,00ft  tE)  Tmal  disinlmon:  Aii-dTl;  {FKjupw*  nnn 
dlMnlHBietJ.  II)  OElfcv  use,  left  over,  unaccnunlL'ii,  spoiled  after  printing 
M&>.  t Jr  Keium  from  news,  ageiw*:  2,XH7j.  igj  Total;  02,^1  Tfk-  itciual 
number  ol  tuples  of  single  issue  published  nearest  lo  liliryg  si. He  1 A J 
TrUiil  raimtvr  of  copies  printed-  fW/iJJ:  Hd  (Mid.  I'irenEaiiun:  a l n saEv* 
ihonjRli  dealers  and  carriers,  street  vendors  and  cannier  sales:  Jb,3$fc  tiJ 
Mail  suhvnrnion*  mtrtu.  TO  ToEiil  paid  circuit  u nr  6Vid6;  ct>]  Free 
dLsIrihulVUn  by  mail,  carrier  <sr  til  her  means:  4, AW:  £F)  Total  dbdrilniuiV: 
iiy.7frt|  r IV Copies  not  distrilmied:  Ef)  OITise  use,  (eft  ovei.  unaccuunled, 
spoiled  after  prinLinj!:  9,7^1:  CJi  ReEurn  from  news  .lyeill*'  Id, 1 24;  IGF 
Total:  HOjiJJ,  t certify  ifiat  the  sAalemenAs  made  liy  me  alurve  are  Correct 
and  complete. 

William  rtinmey 
FdNLsher 


BACK  ISSUE  S 


Hurry!  Limited  Quantities 

For  bod  issues  write  to  us  ot  Final  Frontier,  2400  Sashay  Tower,  Minneapolis,  MN  5 S402. 
Pleose  enclose  S5.00  for  each  issue  plus  $2.50  postage  ond  handling. 

To  order  by  phone  with  your  credit  cord  ml  TOLL  FREE  1 (8O0)24TUNAR 


From  Russia  With  Love! 


The  Russian  Military  Belt. 

A.  These  handsome  bells  used  to  come  from  the 
Afghan  muhjedeen  who  retrieved  the  solid  brass 
buckles  from  Soviet  soldiers  captured  in  Afghani  * 
stan.  Today  tensions  are  more  relaxed,  and  we  get 
them  directly  from  the  Soviet  military  manufacturer 

The  hefty  buckle  and  2" -wide  brown  belt  makes  a 
peace-minded  fashion  si  augment  that's  sure  to  get 

noticed  I $42.  We  pay  shipping. 


him  uresis 

Imports  from  the 
USSR 


The  Berlin  Wall. 

C,  Own  a piece  of  the  most 
stunning  political  event  of  our 
time?  Our  graffiti-covered 
chunks  of  the  reviled  landmark 
are  handsomely  packaged  with 
documentation  of  authenticity. 
$16.  ($29  for  two.)  We  pay 
shipping. 


Games  Comrades  Play. 


B.  The  irony  of  playing  capitalism's  premier  board  game 
- Monopoly  - in  Russian  is  simply  delicious!  Making 
and  breaking  fortunes  in  Moscow  adds  a dimension  that 
would  make  even  Gorbachev  blush. 

, ill;''' . , 

We've  translated  the  Moscow  street  names,  property 
deeds,  and  Chance  and  Community  Chest  cards,  to 
make  sense  for  us  capitalists  $36.  We  pay  shipping. 

” > ” l” 80 0-24 "l  UNAR 

or  send  checks  or  money  orders  to: 

Russian  Dressing 

c/o  Final  Frontier 

2400  Foshay  Tower,  Minneapolis,  MN  55402 


Send  $1  for  our  fun  Catalog  of  imports  from  the  USSR 
Supplies  are  limited.  First  come , first  served, 


Hr  ** 


Destinations 


Astronomy  compels  the  soul  to  look  upwards 
and  leads  off  from  this  world  to  another 

Plato/ The  Republic 
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ROYAL  OBSERVATORY.  EDINBURGH 
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TIROS 

32  TIROS  meteorological 
satellites  built  and 
successfully  launched. 
30  years  of  uninterrupted 
service  to  NASA/NOAA. 


DMSP  Commercial 

Communications 

21  commercial  communications 
satellites  built  and  successfully 
launched.  Serving  customers 
around  the  world. 


Earth  Under 

Observation  Contract 

12  earth  observation  satellites  74  spacecraft  in  various  stages 
built  and  successfully  of  production.  Meeting  the 

launched.  At  the  forefront  of  neeas  of  operational,  research 
earth  science  from  space  and  commercial  space  interests 
since  the  early  60s.  well  into  the  1990s. 


25  Defense  Meteorological 
Satellite  Program  (DMSP) 
spacecraft  built  and 
successfully  launched. 

24  years  of  quality  products 
for  the  U.S.  Air  Force. 


We  have  the 
experience  that  counts... 

look  at  our 
numbers. 


164  spacecraft  built  by  GE  Astro  and  successfully  launched. 

32  years  of  meeting  the  mission  and  contract  requirements 
of  customers  in  the  U.S.  Air  Force,  U.S.  Navy,  DoE,  NASA,  NOAA, 
and  commercial  domestic  and  international  firms. 

When  you  need  know-how  backed  by  experience, 
look  at  our  numbers.  They  count. 


GE  Astro  Space 

Demonstrated  Excellence  in  Space 


* Registered  Trademark  of  General  Electric  Company.  U S A 


Where  is  traveling  at 18,000  miles  an  hour  going  to  get  him? 


The  National  Aero-Space  Plane  (NASH) 
will  cover  a lot  of  distance  at  amazing 
speeds.  But  for  kids  like  Max,  this 
exciting  program  promises  much  more 
than  just  an  incredible  ride. 

New  opportunities  for  industry  are  certain  to  grow  out  of 
its  technologies,  from  cheaper,  easier  ways  to  enter  space  to 
more  efficient  global  transportation.  New  lightweight 
heat-resistant  materials  and  nonpolluting  fuels  promise 
products  and  services  we  can’t  even  imagine  today. 

For  our  children,  opening  these  new  frontiers  will  fuel  the 
quest  for  even  more  knowledge,  promise  a future  filled  with 


new  job  opportunities,  and  provide  a 
vital  legacy:  pride  in  America’s  world 
leadership  in  aerospace. 

At  McDonnell  Douglas,  NASH  con- 
tinues a vision  that  began  years  ago.  With 
our  DC-3  we  were  the  first  to  make  commercial  air  transporta 
tion  practical.  And  we  developed  the  technological  revolution 
that  launched  America’s  first  man  in  space.  We  now  take  great 
pride  in  being  a member  of  the  team  to  build  this  new  aircraft 
—the  next  logical  step  in  our  country’s  development  of  aero- 
space, and  a national  treasure  for  the  next  generation. 

The  National  Aero-Space  Plane.  It’s  kids’  stuff. 


MCDONNELL  DOUGLAS 

A company  of  leaders. 


